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ON THE PRESENCE OF A GLUCOSE-PROTEIN COMPOUND IN 
ASCARIS LUMBRICOIDES 

Bt FRANCIS H McCRUDDEN 
{From ihc Rockefeller InslihUe for Medical Research, New York ) 

Ascaris contains considerable quantities of a substance soluble 
m dilute alcohol which, on cleavage yields a sugar, a protein and a 
volatile substance The sugar is probably glucose The protein 
gives all the protein tests except the tests for tryptophan It con- 
tains phosphorus and sulphur The volatile substance is probably 
an aromatic oil 

THE ALBUMIN AND GLOBULIN IN THE OVARIES OF 
BARBUS FLVVIATUS AND THE PIKE 

Bt FRANCIS H McCRUDDEN 
{From the Rockefeller Institute for Medical Research, Neio York ) 

The albumin and globulin of Barbus Jluviahis and the pike were 
isolated and examined chemically All four gave positive biuret 
and xanthoproteic tests and contained phosphorus and sulphur 
None of them contained iron Both albumins gave a reducing 
substance on h3"drol3"sis The globulin did not contain any redut - 
ing substance The albumin and the globulin of Barbus flitviains 
ga\ e a positive Millon’s test, the albumin and globulin of the pike 
did not Tests for tr3T)tophan were negative in all four cases 

The absence of iron, reducing substance and bodies gmng tr3'p- 
tophan tests shov that the globulins of the eggs of these fish differ 
considerabl3" from the globulins of the birds’ eggs 
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ON THE TOXIC ACTION OF CERTAIN FISH OVARIES 

Br FRANCIS H McCRUDDEN 
(From the Rodcfellcr Institute for Medical Research, New Yorl ) 

The ovanes of Barbus flunatus and of the pike contain consider- 
able amounts of a verj' toxic substance Small quantities of the 
aqueous extract, injected subcutaneously into rabbits, cause 
severe convulsions Death takes place m a few minutes, appar- 
ently from failure of the respiration The toxic substance is not 
a simple chemical compound but is apparently of protem nature 
The albunun and globulm were separated by dialj'sis and bj’’ dilu- 
tion, and the toxic action appeared always in the albumin fraction 

SOME NEW TECHNIQUE FOR THE DETERMINATION OF TOTAL 
NITROGEN, AMMONIA AND UREA IN URINE 

Bt OTTO FOLIN, CHESTER FARMER, A. B MACALLUM, aot C V J 

PETTIBONE 

(From the Laboratory of Biological Chemistry, Harvard Medical School ) 

Thenew methods descnbed for the determination of total mtrogen, 
ammonia and urea depend on the use of extremely small quantities 
(0 1 — 1 0 cc ) of urine The ammoma formed is set free by an air 
current instead of by distillation and is subsequently estimated 
colonmetncally by means of Nessler’s reagent and a colonmeter 
By these methods the total mtrogen is determined m twenty rmn- 
utes, the urea m about twenty-five mmutes and the ammoma in 
about fifteen minutes 


THE SULPHUR BALANCE IN METABOLISM 

By ALONZO ENGLEBERT TAYLOR 
(From the Laboratory of Pathology of the University of California ) 

The total sulphur in the diet, urine and feces of six normal men, 
covering penods of nearly three months, was determmed in the 
attempt to fix the relations of the sulphur balance The sulphur 
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content of the foods and feces was determined by the peroxide 
method, as emploj ed m the official method of the Department of 
Agnculture The total sulphur in the urine was determined b\ 
a modification bj Schmidt of the method of Benedict, checked with 
estimations bj the peroxide method according to Fohn Applied 
to urines, the tv, o methods gi\ c perfect agreement An allow ance 
of thirtx milligrams of sulphur per daj w as made for the cutaneous 
elimination, it having been found in two tests that such an amount 
was dail} eliminated through the skin 

IMicn the figures arc brought together it is seen that no bal- 
ance (an be stnick The figures for the output are regularlj and 
notablj higher than those for the input Since the subjects were 
known to be in normal nitrogen cquilibrnmi, it is clear that the 
result IS spurious Since the total sulphur of the urine, when 
detfrnuned bj two difTcrent methods, remains the same, the pre- 
sumption follows that the figures for the input are WTong It is 
casj to sec wherein the method of combustion of the foods bj 
peroxide might fail to give the total amounts of sulphur It is 
difficult to see how the methods of determination of the sulphur 
in the urine and feces could give fictitiouslj high results In 
short, wt are driven to conclude that the figures for the input are 
too low , sulphur IS lost in the processes of estimation Apparenth , 
the peroxide method, applied to foods, has not relieved us of our 
deiKiulcnce upon the method of Carius A few estimations with 
the bomb, using comiircs'^ed oxjgen, have given us higher figures 
than tliose obtained v\ith the peroxide method How these check 
up with those obtained bv the method of Carius, we do not know 
Ve shall report upon this next >ear 
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content of the foods and feces was determined by the peroxide 
method, as employed in the official method of the Department of 
Agriculture The total sulphur in the urme was determmed by 
a modification by Schmidt of the method of Benedict, checked with 
estimations by the peroxide method according to Folm Applied 
to urines, the two methods give perfect agreement An allowance 
of thirty milligrams of sulphur per day was made for the cutaneous 
elimination, it having been found in two tests that such an amount 
was daily eliminated through the skin 

When the figures are brought together it is seen that no bal- 
ance can be struck The figures for the output are regularly and 
notably higher than those for the input Since the subjects were 
known to be in normal mtrogen equilibrium, it is clear that the 
result IS spurious Since the total sulphur of the urine, when 
determined by two different methods, remains the same, the pre- 
sumption follows that the figures for the input are wrong It is 
easy to see wherein the method of combustion of the foods by 
peroxide might fail to give the total amounts of sulphur It is 
difficult to see how the methods of determination of the sulphur 
m the urine and feces could give fictitiously high results In 
short, we are driven to conclude that the figures for the input are 
too low, sulphur la lost in the processes of estimation Apparentlj’’, 
the peroxide method, applied to foods, has not reheved us of our 
dependence upon the method of Carius A few estimations with 
the bomb, using compressed oxygen, have given us higher figures 
than those obtained with the peroxide method How these check 
up with those obtained by the method of Carius, we do not know 
We shall report upon this next year 


THE OUTPUT OF AMMONIA IN NORMAL URINE 

By ALONZO ENGELBERT TAYLOR 
{From the Laboratory of Pathology of the University of California ) 

The daily elimination of ammonia in six normal men, over pe- 
riods of from one to three months each, was estimated by the method 
of Folm Wfiien first undertaken, only 25 cc of urine were used in 
the determinations Since the amounts of ammonia recovered 
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were very low, the amount of urine used was increased first to 50 
and later to 100 cc We employed a good stream of air, and the 
suction was continued for three hours The removal of the am- 
moma, under such circumstances, follows the loganthmal curve 
We used sodium carbonate for the alkahnisation, as advised by 
Folm The apparatus was repeatedly checked up with the use 
of known amounts of to ammoma, added under the precise con- 
ditions of dilution, time, etc employed m the tests The relia- 
bdity of the apparatus, and the control of the conditions of esti- 
mation were m these check estimations shown to be absolute 
The results were very low The usual figures for the ammoma 
mtrogen are given as from 0 3 to 0 5 gram per da3’' Our 
figures ran from 75 to 150 miUigrams per day Our unnes were 
preserved on ice, without the useofanypreservative except refriger- 
ation The lower results m our estimations, I am mchned to 
attribute to decomposition m the urme as commonly preserved 
with toluol, thymol or chloroform 
Addendum in pkoop Two weeks* results m the estimations of 
ammoma, daily, m the refngerated unnes of eight normal men, 
m Philadelphia, has shown that the inference above stated was 
not correct Usmg the method m the same way, except m one 
pomt, we are obtainmg values runmng m the neighborhood of 
300-400 milhgrams per day There is one difference m the method 
we are usmg hydroxide, as recommended by Steel, instead of car- 
bonate as advised by Folm I doubt that this is the cause of the 
total difference We shall make comparative tests to detenmne 
that It 13 more likely that some factor m the diet or water of 
California, under the conditions of our experiment, was the cause 
of our abnormally low values An excess of magnesium and 
preformed phosphonc acid might have resulted m the ammoma 
bemg eliminated as the tnple phosphate m the feces 

ON CEEATINmE METABOLISM 
Bt CABL VOEGTLIN an© C TOWLES 

(from the Laboratory of Pharmacology of the Johns Hopkins University ) 

In buds, creatme is an end product of metabolism No 
creatinme is found m the urme by means of the picnc acid reaction 
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Creatine introduced is completely excreted Creatimne, if fed, 
IS excreted as such in the urine There is no evidence of the 
presence of creatinase or of creatimnase in the bird’s organs 

In dogs, creatine fed or injected increases the output of creatm- 
ine in the urine Dogs with Eck’s fistulas show little if any differ- 
ence from normal dogs as regards the creatimne metabohsm The 
hver can therefore hardly occupy an important place in creatimne 
metabolism as is claimed by some investigators 

MUCIC ACID AND CARBOHYDRATE METABOLISM 
By LAFAYETTE B MENDEL and WILLIAM C ROSE 
{From the Sheffield Laboratory of Physiological Chemistry, Yale University ) 

Feeding experiments on rabbits and dogs show that mucic acid 
in doses of 10 to 20 grams per day is not completely oxidized in the 
body, but appears unaltered in the urine in detectable amounts 
Stoichiometrically equivalent amounts of lactose and galactose, 
introduced under exactly the same conditions are completely 
oxidized without the appearance of a trace of mucic acid m the 
urine These results indicate that mucic acid is presumably not 
an intermediary oxidative product in the metabolism of galactose 
or galactose-yieldmg carbohydrates The urinary oxalic acid is 
only very slightly increased after the ingestion of large amounts of 
mucic acid This increase is by no means as large as would be 
expected if mucic acid were a precursoi of oxalic acid 

THE INFLUENCE OF ALCOHOL ON PROTEIN METABOLISM 

IN DOGS 1 

By WILLIAM SALANT and J B RIEGER 

{From the Bureau of Chemistry, U S Department of Agriculture, Washington, 

D C) 

This investigation was carried out on five dogs which received 
a mixed diet, contaimng protein equivalent to 0 7-0 8 gram of 
mtrogen per kilo The caloric value of the food was 85 5 calories 

lA preliminary communication, published by permission of the Secretary 
of Agriculture 
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per kilo Alcohol was given by mouth through a stomach tube 
or was fed with the food The administration of 2-3 5 cc of 
alcohol (dduted to 50 per cent) per kilo was followed by increased 
protein catabohsm corresponding to a loss of 0 3-2 0 grams of 
mtrogen per day Increased protein catabohsm was also observed 
when such doses of alcohol were given with the food The par- 
tition of mtrogen m the unne showed that total mtrogen and 
urea were mcreased in amount in three dogs, while m two they 
remained the same Increased amounts of ammoma were also 
observed m some Neither creatine or creatimne was appreciably 
effected The output of purines precipitable by copper sulphate 
and sodium bisulphite showed a well marked rise Smaller doses 
of alcohol (0 4-0 5 cc , diluted to 50 per cent) given with or with- 
out the food, exerted a sparing influence on protein The mtro- 
gen retained amounted to about 0 5 gram per day The urinary 
mtrogen and urea were diimmshed The other constituents, m- 
cludmg purines were about the same as in normal conditions 

SYMPTOMS SHOWN BY PLANTS UNDER THE INFLUENCE OF 
DIFFERENT TOXIC COMPOUNDS 

By OSWALD SCHREINER 

{From the Bureau of Soils, U S Department of Agriculture, Washington, 

D C) 

Observations made in connection with the effects of different 
organic substances in modifying and influencing growth of wheat 
seedlings has shown that toxic substances ha% e a specific effect in 
modifj ing certain defimte plant characteristics or functions For 
instance, cumarin-affected plants have charactenstic stunted 
tips and broad, distorted leaves Vamlhn strongly inhibits root 
growth Qmnone causes a tall and slender growth, wnth thin, 
narrow leaves, in strong contrast to the cumann-affected plants 
These various effects of toxic compounds are overcome by entirely 
different fertilizer combinations, the cumarin effect by phosphates, 
the vamlhn effect by nitrates, the qmnone effects by potassium 
salts The absorption of salts while the plants are under the in- 
mfluence of these toxic compounds is likewnse different, thus 
showang that the effect of the poisons is deepi-seated influencmg 
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the entire metabolism of the plants The changes brought about 
by etherization and the influence of certain gases m causing the 
so-called sleeping of carnations and other flowers belong to this 
class of phenomena 

Previous work with plants and toxic compounds has usually 
been made -without the recogmtion that plants are affected in a 
markedly different manner by different poisons The idea is 
developed that the plant, like the ammal, shows characteristic 
symptoms -with specific poisons, that there exists, as it were, a 
pharmacology of plants as well as of ammals 

That orgamc substances can cause changes in certain definite 
plant characteristics, distortions, changed metabohsm, etc , leads 
to the suggestion that harmful orgamc substances occurring in the 
soil or in the plant may be the direct or indirect cause of some now 
little understood plant physiological diseases 

A NEW PROCESS FOR THE PURIFICATION OF LIPINS, WITH 
DEMONSTRATIONS » 

By JACOB ROSENBLOOM and WILLIAM J GIES 

{From the Laboratory of Biological Chemistry of Columbia University, at the 
College of Physicians and Surgeons, New York ) 

The authors have found that many ether-soluble substances, 
when dissolved in ether and placed in various permeable contain- 
ers immeised in ether, readily pass through such membranes thus 
imposed Similar results have been obtained "With some of the 
same substances in othei solvents A demonstration was made 
of the ready diffusibility of the following substances in ether 
solution contained in rubhei bags immersed m ether 

A Lipochiome, fat, fatty acid, and cholesterol, from ether 
extract of egg yolk {There was no diffusion of lecithans ) 

B Sudan III and brain cholesterol (artificial mixture) 

^This study is one of a projected series on lipins, which in turn consti- 
tutes a section of a comprehensive plan of research on the composition of 
protoplasm as well as the structural and dynamic relationships of cell con- 
stituents and products These investigations are now in progress in the 
Laboratory of Biological Chemistry of Columbia University, at the College 
of Physicians and Surgeons, and under the auspices of the George Crocker 
Special Research Fund 
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C Olive oil and lead oleate (artificial nuxture) 

The use of membranes of rubber, as was shoira, offers 
numerous advantages m the separation and purification of various 
substances The authors are now engaged in studies of the many 
possibihties which are suggested by the facts that were demon- 
strated 

ATITOLYSIS OP LIVER TISSUE AS APFECTED BY THYROID 
ADMINISTRATION 

Bt ELIZABETHE COOKE and S P BEEBE 

(.From the Laboratory of Experimental TherapeuUcs, Cornell Unnersity 
Medical College ) 

The object of these experiments was to confirm the observa- 
tions made previously by Schryver, namely, that thyroid admm- 
istration would cause an increased rate of autolysis of the liver 
For the purpose of these experiments the thyroid was ad- 
ministered in a variety of ways, the fiver removed after a varying 
length of time and the autolysis measured in the usual manner 
and compared with controls The results failed to confirm 
Schryver’s conclusions The autolytic rate m normal animals 
shows wide variations and no fiver after a thyroid feeding showed 
a higher rate of autolysis than was attained from some normal 
fivers without thyroid treatment 

In three cases a portion of the animal's fiver was removed be- 
fore thyroid feeding, the autolytic rate determined, the ammal was 
fed on thyroid and the autolysis compared with the previous con- 
dition In one case there was marked mcrease of the autolytic 
rate and m the two others, practically no change 

Administration of parathyroid fikewnse, caused no demonstra- 
ble change in the rate of autolysis 

the NATURE OF THE CHEMICAL COMBINATIONS OF POTAS- 
SIUM IN THE TISSUES 

Bv W KOCH AND C C TODD 

{From the Laboratory of Biochemistry and Pharmacology, Unnersity of 

Chicago ) 

Some im estigations with F H Pike on the proportion of anions 
and kations in the nervous sjstem indicated a greater amount of 
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potassium and sodium than could be accounted for by the chlor- 
ide, sulphates and phosphates present The discovery of potas- 
sium and sodium phosphatid combinations, already predicted by 
the work of Thudichum, has served in a large measure to account 
for this discrepancy 

The present communication is in the nature of a preliminary 
statement regarding the extension of this work to other tissues of 
the body, which has already been begun but will not be published 
in full until a greater amount of analytical results have been ob- 
tained The results so far indicate that such sodium and potassium 
phosphatid compounds exist in all the tissues of the body and are 
probably of much more importance than the hitherto assumed 
ion protein combination 

THE ALLANTOIN-PHRINE EXCRETION OF THE MONKEY ^ 

By ANDREW HUNTER and MAURICE H GIVENS 

{From the Department of Physiology and Biochemistry, Cornell University, 

Ithaca, N Y) 

From 75 cc of the urine of a monkey upon a meat-free diet 
were isolated 8 5 mgm of allantoin m typical crystals melting 
at 231° C From 500 cc of the mixed urine of two monkeys we 
obtained 172 mgm of crystalline, though not entirely pure allan- 
tom In other 500 cc of urine from the same two animals we 
could detect no unc acid, and only 4 5 mgm of mtrogen in the form 
purine bases Of a third mixed sample two portions of 200 cc 
each were taken From the one we isolated 66 1 mgm of pure 
allantoin (m p , 230° C ) , the other contained 3 2 mgm of purine 
nitrogen Of the total allantoin-punne nitrogen m this sample 
88 1 per cent therefore was in the form of allantoin It follows 
that the purine metabolism of our ammals is the of same t 3 rpe as 
that of the lower mammals, and does not in the least resemble 
that of man 

These findings confirm the single observation of Wiechowski.' 
and support the general conclusion to which Wells,- in spite of 

iWiechowski Hofmeister’s Beitrage, xi, p 101, 1908 
'Wells Journ of Biol Chem , vii, p 171, 1910 
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failure to isolate allantom from the urine, was led by a study of 
the enzyme eqmpment of monkey tissues 

In future work we propose to determine the extent of the mon- 
key’s daily allantom excretion, and the effect upon it of purme 
feeding and other experimental conditions 

BIOLOGICAL ANALOGIES IN SOIL OXIDATION 

Bt OSWALD SCHREDTER akd M X. SULLIVAN 

(From the Bureau of Soils, U S Department of Agriculture, Washington, 

D C) 

The soil IS the seat of many biochemical activities which di- 
rectly or mdirectly affect soil fertdity Many of the processes m 
the soil are analogous to those occurrmg m plants and ammals 
Soils may show fatigue under a one crop system and likewise 
under unsamtarj conditions contam material which is retarda- 
tive of plant growth Many other compounds, some of which 
are known to be products of proteolytic digestion, occur m sods 
The sod per se has oxidizmg and catalyzing powers which m 
cropped sods are due partly to activities of plant roots, but in air- 
dried sods are due mamly to non-enzymotic sod constituents, m- 
orgamc and orgamc, workmg separately, conjointly or m reinforc- 
ing and activatmg combmations The recently discovered acti- 
vatmg action of salts of orgamc hydroxy-acids and the discovery 
that alfalfa laccase is a mixture of salts of orgamc hydroxy-acids 
ha\e a close counterpart m soil oxidation studies 

additional experiments with the biuret reagent 1 

Bt J L KANTOR A^-D WILLIAM J GIES 

(Prom the Laboratory of Biological Chemistry of Columbia University, at 
the College of Physicians and Surgeons, New York ) 

Further study of the biuret reagent has emphasized many ad- 

^This study is one of a projected senes on proteins and their combining 
qualities, which m turn constitutes a section of a comprehensive plan of 
research on the composition of protoplasm as well as the structural and 
dynamic relationships of cell constituents and products These investiga- 
Uons are now m progress m the Laboratory of Biological Chemistry of 
Columbia Umversity, at the College of Phjsicians and Surgeons, and 
under the auspices of the George Crocker Special Research Fund 
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vantages that result from its employment ^ Its general utility 
was demonstrated 

The authors have found that when the reagent is filtered through 
paper or cotton wool, the copper may be wholly removed from 
the solution Filter paper, parchment paper, cotton wdol and other 
forms of cellulose, when immersed m the reagent, absorb copper 
and, if present m sufificient quantity, completely decolorize the 
liquid A blue copper-cellulose product, apparently a compound, 
results This product does not form m the pi esence of a chemical 
excess of glycerol or protein 

Filter paper which, by immersion m the reagent, has been con- 
veited into the copper-cellulose product, may be used, either 
wet or dry, for the detection of protein Cut into strips, the pre- 
pared material resembles blue litmus paper strips, and when 
dipped into a neutial or alkaline protem-contaming solution or, 
if wet, when brought into contact with a neutral or alkaline pro- 
tem-contaimng powder, the blue color is promptly turned to red 

The reagent is useful for the detection of reducing substances 
Paichment paper, if kept in the reagent for some time, absorbs the 
copper and yields the blue cellulose product, but this compound(?) 
IS gradually decomposed by reduction, a loose red precipitate, 
apparently of cuprous oxide, is spontaneously produced, and the 
parchment, if present m large proportion, returns, in part at least, 
to the original colorless condition and the fluid loses all its blue 
color Parchment paper exerts similar effects on the Fehhng and 
Fehlmg-Benedict reagents 

The colors obtained with given volumes of the biuret reagent 
and a protein solution gradually fade In a few months the differ- 
ence m any instance (compared with freshly prepared controls) 
IS quite marked Such color standards are reliable duimg shortei 
peiiods, however The reagent may therefoie be used satisfac- 
torily' m a number of types of colorimetric quantitative determi- 
nations of protein The study is m progress 

“Gies Journ of Biol CAern , 1910, vii, Proceedings of the American Society 
of Biological Chemists, p lx The alkali in the reagent should amount to 
about 10 per cent A typographical error in the original published refer- 
ence to the reagent indicated 1 per cent as the quantity of alkali to be 
employed This error was corrected in the official proceedings of the 
Society, where NaOH was also substituted for KOH, for economic reasons 
(Proceedings of the American Society of Biological Chemists, 1910, i, p 273 ) 
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CHEMICAL STUDIES OF HUMAN SWEAT 

By LOUIS W RIGGS, (by invitation) 

(From the Laboratory of Experimental Therapeutics, Cornell Umcersity 
Medical College) 

Samples of sweat were collected by placing the patient without 
clothing m a, rubber bag which mclosed the entire body except the 
head, and sweatmg induced by covering with hot blankets 
Forty-five samples were exammed, the total mtrogen, nitrogen 
as urea plus ammoma, morgamc solids, potassium and chlorme 
were determined m a majonty of the samples Nitrogen as am- 
moma was determmed m six samples from normal persons, and 
calcium m seven samples from nephntics 
The sweat from certam nephntics did not differ greatly from 
that of normal persons Other nephntics eliminated twice or 
three tunes as much nitrogen and the same cases twice as much 
much potassium and less than one-half as much morgamc sohds 
and chlorme per 100 cc of sweat as normal mdividuals 

ON THE RECOVERY OF ADENINE 
By G DeF BARNETT axd WALTER JONES 

(From the Laboratory of Physiological Chemistry, Johns Hopkins 
Uniiersity ) 

To free ademne from hypoxanthme the base must be converted 
into the picrate, a compound which as such is useless and can be 
changed into a non-toxic salt only by the use of an excessive 
amount of ether However, when the picrate is dissolved m 
ammoma and the solution treated with ammomacal silver mtrate 
the ademne is quantitatively precipitated while, contrary to what 
might be expected, more than 90 per cent of the picnc acid remains 
(b&=olved This forms the basis of a method of recovermg ademne 
and of dealing wnth filtrates from ademne picrate whicu contain 
other purine bases nth picric acid 
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THE UTILIZATION OF INGESTED FAT UNDER THE INFLUENCE 
OF COPIOUS AND MODERATE WATER DRINKING 
WITH MEALS 

By H A MATILL and P B HAWK 

(From the Laboratory of Physiological Chemistry of the University of 

Illinois ) 

Experiments were performed upon men livmg on a umform diet, 
a preliminary period of small water ingestion was followed by a 
period of large water ingestion, and this, in turn, by a final period 
with the original conditions The determination of fat in feces 
was made by the Kumagawa-Suto method and was entirely satis- 
factory When one liter of water was taJcen with each meal, the 
average daily excretion of fat was much reduced and a similar but 
less marked reduction was observed when 500 cc of water were 
taken 

The better digestion and absorption of fat was probably due 
to any or all of the following factors 1, increased secretion of 
gastric juice and, independently, of pancreatic juice, 2, increased 
acidity of the chyme bringing about more active secretion of 
pancreatic juice and bile, 3, increased peristalsis due to larger 
volume of material in the intestine, 4, increased blood pressure 
due to rapidly absorbed water, 5, more complete hydrolysis by 
lipase because of increased dilution 

A METHOD FOR THE QUANTITATIVE DETERMINATION OF 

FECAL BACTERIA 

By H A MATTILL and P B HAWK 

(From the Laboratory of Physiological Chemistry of the University of 

Illinois ) 

By a method of fractional sedimentation, an adaptation of 
MacNeal’s modified Strasburger method, the bacterial portion of 
the feces is separated from the other solid material By the 
Kjeldahl method the nitrogen of this bacterial substance is deter- 
mined directly instead of making this determination upon the dried 
bacteria after absolute alcohol and ether extraction In men 
on a uniform diet containing negligible quantities of cellulose 
bacterial nitrogen comprised 54 per cent of the total fecal nitrogen, 
a value 7 per cent higher than heretofore found This higher and 
probably more accurate value may be a result of the omission of 
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the absolute alcohol and ether extractions In addition, a saving 
of about five days’ time and of considerable labor, is accomplished 
by that omission 

ON THE DIFFERENTIAE LEUCOCYTE COUNT DURING 
PROLONGED FASTING 

Bt PAUL E HOWE ajid P B HAWK 

{From the Laboratory of Physiological Chemistry of the Umeersiiy of 

Illinois ) 

Blood smears were examined from a dog fastmg 117 days, 
from a dog dunng two fasts of 15 and 30 days respectively, each 
of which contmued to the mception of the premortal rise, from an 
anasmie dog, fastmg 48 day^s, and from a puppy, one month old 
fastmg seven days Smears were also taken from each of two men, 
during a fastmg period of seven days and a subsequent regenera- 
tion period of eight days The smears were stamed by a method 
devised by MacNeal 

From the data we conclude that as a result of fasting in the 
normal dogs there was a decrease m the number of polynuclear 
leucocytes with an mcrease m the number of small mononuclear 
lymphocytes There were no marked changes m the other forms 
of cells In the anaemic dog, the number of polynuclear leucocytes 
increased while the number of small lymphocytes decreased A 
condition of eosinophiha existed at the beginmng of the fast which 
disappeared as the fast progressed In men there was an mcrease 
in the number of polynuclear leucocytes at the beginmng of the 
fast followed by a decrease below normal at the end of seven day s 
During a subsequent feeding period the cells tended to 
their normal relations 

ON THE CATALASE CONTENT OF TISSUES AND ORGANS AFTER 
PROLONGED FASTING 

Br P B HAWK 

(From the Laboratory of Physiological Chemistry of the University of 

Illinois ) 

The study embraced the examination of the tissues and organs 
of four dogs which were subjected to periods of fasting ranging from 
7 to 104 days A pup one month old was subjected to a 7 day- 
fast, a dog from 1 to 2 y ears old serv ed as the subject of the 30 day- 
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fast, whereas the longer fasts were earned out upon mature ammnls 
The dogs were fed a constant water ration, water being mtroduced 
by means of a stomach tube 

At the termination of the fasting periods chloroform-water 
extracts of the tissues and organs were prepared and then catalase 
values determined The tissues and organs of normally nourished 
dogs were subjected to a sinular examination in order to secure 
data for comparative purposes The method employed was the 
measurement of the volume of oxygen liberated from 5 cc of 
neutral hydrogen peroxide (Dioxygen) by 0 25 cc of the extract 
actmg through an interval of two minutes An apparatus, the 
principle of which has been described by Bryan^ was utihzed in 
the measurement of the liberated oxygen 

An examination of the data indicates the catalase values of the 
tissues and organs are much lower, in every instance than those of 
the normal tissues and organs It was also observed that the 
order of the tissues when arranged accordmg to their catalase con- 
tent was distinctly altered in the fasting animals from the order in 
force under normal conditions There was apparently no uni- 
formity as to the specific alterations which took place in the cata- 
lase content of ammal tissues and organs under the influence of 
fasting The data obtamed from the four fasting ammals under 
consideration were in every case different from normal catalase 
values, but at the same time these catalase values obtained from 
fasting ammals exhibit marked variations when we make a com- 
parison of the data from the four ammals under investigation It 
IS of particular interest that the tissues and organs of the dog 
which was subjected to the most prolonged period of fasting exhib- 
ited less alteration from the normal than did the tissues and 
organs of those ammals which were subjected to much shorter fasts 

THE RELATION OF THE ADRENALS TO TUBERCULIN POISONING 

By JAMES P ATKINSON AND CHAS B FITZPATRICK 

(From the Chemical and Research Laboratories, Department of Health, City 

of New York ) 

We have recently found that commercial adrenalin preparations 
and saline extracts of the freshly removed dog’s adrenal gland pre- 

"■Bryan Journ of the Amer Chem Soc , xxviii, p 28, 1906 
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vented a depression when mixed with tuberculin and the mixturem- 
jected mtravenously, thus showing an antagomstic action between 
tubercuhn and the adrenals The intravenous injection of sam- 
ples of tubercuhn contaming the active depressor substance, after 
the adrenals had been removed, caused a drop with a more gradual 
recovery of the previous pressure level, than when the adrenals 
had been left mtact 

These and our other pubhshed results mdicate 
A That tuberculm is a complex substance consistmg of at 
least two poisons, one a blood depressor destroyed by heat and 
antagomzed by aclrenahn, and the other a substance character- 
ized by its fatal effects on tuberculous gmnea pigs when mjected 
subcutaneously This toxicity resists heating to 110° C and is 
not antagonized by adrenalin 

B It IS possible that we have evidence here that m the 
absence or the abnormal diminution of the adrenal secretion, 
extracts of the tubercle bacillus are more toxic than otherwise 
and that their admimstration mixed with the whole adrenal or 
some part of it, in a measure overcomes their deletenous action 
C It is possible that the neutralizing value of blood mixed 
with tuberculin or some other appropnate adrenal antagomst 
might be a valuable index of the functional condition of the adrenal 
glands 

PROTEIN AS A FACTOR IN THE NUTRITION OF ANIMALS I A 
STUDY OF THE PHYSICAL CONSTANTS OF FATS FROM SWINE 

By 4. D EMMETT axtj E C C4RROLL 

{.From the Laboratory of Physiological Chemistry, Department of Animal 
Husbandry, University of Illinois ) 

In this experiment Berkshire pigs of known ancestry and age 
were fed different amounts of a highly nitrogenous feed — blood- 
meal In conjunction mth this a basal feed of ground corn was 
used Further, crude calcium phosphate was so fed that all the 
animals got approximately the same amount of phosphorus m the 
ration Nine pigs were used, these being dmded into three lots 
of three pigs each Lot I w as fed on the low protem plane. Lot II 
on the medium or balanced plane a-d Lot III on the high plane It 
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was the plan to loll the two most representative pigs out of each lot 
However, in the case of Lot I, only one pig lived to the end of the 
experiment The five animals were subjected to a most thorough 
slaughter test Of the various parts of the entire carcass that 
were studied chemically, this paper has to deal mth leaf fat, the 
back fat, and a composite sample of the leaf, back, intestinal, and 
jowl fats The following determinations were made specific 
gravity, saponification number, soluble acids, insoluble acids, 
volatile acids, free fatty acids, iodine number, melting point and 
index of refraction The technic of the methods was carefully 
worked out in advance and the hmits of error ascertained for 
each determination 

It was found from this preliminary study of the influence of 
protein feed 

1 That if the ancestry, age, and type of the ammals are not 
considered in comparing the data, the different amounts of pro- 
tein feed have no apparent influence on the physical constants of 
the fats The individual idiosyncrasies of the animals may be as 
great a factor or greater than that of feed 

2 That, if fitter mates be compared, of which there was one 
in Lot I comparable ^vith one in Lot II, and one m Lot II compar- 
able with one in Lot III, these data show that the differences in 
the physical constants due to feed were very slight Here, how- 
ever, the matter of individuality again may be the controlling 
factor 

3 That, if the data fiom the various samples be compared 
with respect to the hind of fats, they show that the values for the 
iodine number and melting point are quite different m the case of 
the back fat when compared with the leaf and composite samples 
of fat The averages for the iodine number are 51 23 for the 
back fat, 45 60 for the leaf fat, and 45 91 for the composite fat 
The averages of the melting point determinations for the back, 
leaf, and composite samples of fat are respectively 34 1, 42 8, 
and 45 7 C 

4 That, comparing all samples of fat m respect to both the 
protein-feed and the kind of fat and without regard to ancestry, 
age, and type of the animal, or to individuality, the specific gravity, 
saponification number, the insoluble acids and the index of re- 
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fraction appear to be practically constant in each case, averaging 
for all the samples, 0 8934, 196 94, 95 58, and 1 4595 respec- 
tively 

ON INOSINIC ACID 
Br W A. JACOBS and P A, LEVENE 

(From the Rockefeller Institute for Medical Research, New York 

The results of our previous work upon the constitution of m- 
osimc acid have demonstrated it to be a hypoxanthin phospho- 
ribosid There stiU remained the question of the position of the 
phospho-group in the nbose molecule and also that m the hypoxan- 
thin molecule which functions in the umon ivith the sugar In 
the present work we have been able to prove that the phosphoric 
acid sits on the oj-C atom of the nbose After oxidation wntb 
mtnc acid of nbose phosphoric acid obtained from mosinic acid 
according to the usual procedure employed for obtaming dicarb- 
oxyhc auds, we succeeded in obtammg as the pure Ca salt an acid 
which analysis and cheimcal properties demonstrated to be a 
phospho-ribomc acid After cleavage of the phosphoric acid by 
neutral hydrolysis, ribomc acid was obtained as the pure crystal- 
hne Cd salt The yield of phospho-nbonic acid was approxi- 
mately 75 per cent of the theory reckoned from inosimc acid The 
remaimng 25 per cent was accounted for by the free H 3 PO 4 formed 
by cleavage during oxidation Attempts to isolate anj phospho- 
tnoxjglutanc acid, which would be formed if the phosphoric acid 
were on any other than the end C-atom proved fruitless These 
facts demonstrate that the phospho group is bound on the co-C 
atom and prevents further oxidation of the phospho-ribomc acid 
to a tnoxyglutaric acid denvative 

ON THE YEAST NUCLEIC ACID 
Bt P .V LBVEXE jum W A JACOBS 
(F rom the Rockefeller Institute for Medical Research ) 

From previous work the present authors were led to the con- 
clusion that the molecule of the yeast nucleic acid was composed 
of simple neucleotides, which consisted of phosphoric acid con- 
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jugated either with a purm-ribosid or with a pyrimidiu complex 
This assumption was supported by the discovery among the prod- 
ucts of partial hydrolysis of two ribosids— guanosin, adenosin and 
of the cy tidin complex — cytosm The authors succeeded m isolating 
a substance which possessed the properties and the composition of 
an equimolecular mixture of cytidin and uridin nucleotides The 
substance did not contain purin bases, on further hydrolysis 
failed to reduce Fehhng’s solution, formed furfurol on distillation 
with hydrochloric acid, contained amid mtrogen and total mtro- 
gen in proportion 1 5, on hydrolysis gave rise to uracil and cytosm 

A NEW MICROSCOPIC TEST FOR FREE ACID i 
By J L KANTOR AND WILLIAM J GIES 

(From the Laboratory of Biological Chemistry of Columbia University, at 
the College of Physicians and Surgeons, New York ) 

When collagen fibers are immersed m dilute solutions of vanous 
mineral or organic acid solutions the fibers quickly swell and be- 
come transparent We hope to learn later the true chmical 
nature of this well knoivn process When, however, the a<nd tn a 
solution possessing this power is combined with protein such swelling 
does not take place Either of these observations can readily be 
made through a microscope with a single tendon fibril and a drop 
of acid solution Proportions of mineral acids which do not re- 
spond to the Topfer or Gunaberg test appear to be devoid of 
prompt swelling effect on individual collagen fibers Vanous pro- 
portions of organic acids (e g , acetic and lactic) which cannot be 
detected with the above named reagents, immediately effect a swelling of 
collagen fibers, the change being strikingly obvious when the test 
IS made microscopically Similar results have been obtamed with 
fibrin A detailed study of the test is m progress 

^This study is one of a projected senes on proteins and their combining 
qualities, which in turn constitutes a section of a comprehensive plan of 
of research on the composition of protoplasm as well as the structural and 
dynamic relationships of cell constituents and products These investi- 
gations are now in progress in the Laboratory of Biological Chemistry of 
Columbia University, at the College of Physicians and Surgeons, and 
under the auspices of the George Croeker Special Research Fund 
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CHANGES m THE BLOOD AND MUSCLE FOLLOWING BILATERAL 
NEPHRECTOMY AND DOUBLE URETERAL LIGATION 

Bt holmes C JACKSON 

(From the Laboratory of Physiology of the New York University and Bellevue 
Hospital Medical College ) 

1 Whea all the ■various conditions of the e'qjenment (diet, 
lack of infection, etc ) remained constant there appeared to be 
a shght tendency on the part of the animals ■with both kidnejs 
removed to survive the operation for a longer period than ■was the 
case m. double ureteral hgation The analj ses of blood following 
both operative procedures showed no differences which could ac- 
count for this 

2 The molecular concentration (A) of the blood increased 
after both operations until death The electrical conductmty 
{K) and chloride content of the blood after a temporary rise on the 
day followmg the operation progressively decreased Hence the 
rise m concentration was brought about by an increase in organic 
substances mainly mtrogenous and non-coagulable m character 
as was shown by the blood analysis 

3 Followmg both operations the blood becomes more venous 
■with a resultmg mcreased VTSCosity due to CO 2 and the tune of 
coagulation is mcreased 

i No ncarious ehmmation of uric acid or purme bases occurs 
mto the mtestme 

5 Hydremia apparentlj does not take place as the result of 
either operation, and m only two cases ■with double ureteral hga- 
tion was subcutaneous edema present In four instances where 
the ureters were tied the animals dev eloped true uremic convulsions 

6 Analysis of the muscle mdicated that followmg double 
nephrectomy there existed a tendency for the tissue to lose 
water 

THE INFLUENCE ON METABOLISM OF OILS INJECTED SUBCU- 
TANEOUSLY AND INTRAVENOUSLY 
Bt JOHN R MURLIN isn LLOYD H MTT.TS 
(From the Physiological Laboralory of the Cornell University Medical School 
New York City ) 

A prehnunary report on this w ork has already been made ^ 
^Proc Soc for Exp Biol and Med, Yu,p 166,1910 
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Additional expeiimcnts on dogs and on a tuberculous man nere 
presented at this meeting One dog was given a basal diet con- 
taining 0 4 gram of nitrogen and 52 calories of energy per kilogram 
per day Twenty grams of peanut oil superimposed on this by 
mouth for three days had exactly the same effect on the amount 
of nitiogen excreted and on the amount of fat in the feces as 20 
grams of lard Injected subcutaneously, the oil was a little less 
favorable The same experiment was repeated -with the same 
result by supenmposition on a basal diet contaimng the same 
quantity of nitrogen and 60 calories per kilogram 

The man was a typical case of grave pulmonary tuberculobis 
on the right side He was placed for ten days on a basal diet of 
milk, cieam and eggs, containing 17 grams of nitrogen and 44 
calories of energy per lologram When 21 grams of peanut oil 
were injected subcutaneously for three days it produced a slightly 
less favorable effect on the mtrogen balance than when the same 
amount of oil m the form of Russell’s Emulsion was given by 
mouth, but more favorable than when no oil was given When 
95 grams of peanut oil were injected daily for five days the out- 
put of nitrogen was greater than when an isodynamic quantity of 
lactose was added to the diet 

Preliminary experiments only on the use of emulsions intraven- 
ously were reported As much as 40 cc of a fine emulsion of 
peanut oil using 5 per cent lecithin as emulsifier can be given to a 
dog of 10 kilos in this way without any respiratory distress This 
emulsion also offsets the influence of various narcotics, e g , ether, 
morphine Its action may, however, be due entirely to the leci- 
thin as already observed by Nerlang - 

ON A SPECIFIC NUCLEASE FOR GUANYLIC ACID 
Bt WALTER JONES 

{From the Laboratory of Physiological Chemistry of the Johns Hopkins 

University ) 

Pigs’ pancreas will not split off guamne from added guanyhc 
acid nor even decompose the guanyhc acid the tissue itself in 


•Munch Med Woch , 1909, No 29, p 1475 
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autodigestion But beef’s spleen decomposes added guanylic acid 
giving rise to a mixture of xanthme and uric acid This action of 
the spleen cannot be due to the presence of nuclease, for nuclease 
IS present in the pancreas 

THE STIMITLATION OF GASTRIC SECRETION UNDER THE 
INFLUENCE OF WATER DRINKING WITH MEALS 

Bt F wills aud P B hawk 

(From the Laboratory of Physiological Chemistry of the University of Ilhtwis ) 

Tiro men brought to nitrogen equihbnum through the ingestion 
of a umfonn diet of low water content were caused to drink, at meal 
tune, extra volumes of water ranging from 1500 cc to 4000 cc 
per day During the periods of mcreased water mgestion there 
was in each instance an increase m the ammonia excretion which 
was directly proportional to the extra volume of water ingested This 
finding was mterpreted as indicating that the water mgestion had 
stimulated the flow of gastric juice, thus causing the production 
of a greater quantity of hydrochloric acid than could be neutralized 
by the customary means A certain part, at least, of the excess 
acid was therefore, subsequently^ neutralized by ammoma which 
had been produced from the deamidation of protein material and 
nhich under ordinary conditions would have been utihzed in the 
formation of urea This excess acid would consequently prob- 
ably appear, for the most part, in the urine as ammonium chloride 
The uniform relationship between the water mgestion and the 
ammonia output might perhaps be considered as indicating that 
there was an attempt on the part of the gastric cells to maintam 
a uniform acid concentration If we calculate the increased ammo- 
nia excretion, on the basis of a 100 cc increase in the water inges- 
tion we find that the excretion was a trifle higher during moderate 
water drinking than during copious water dnnking This would 
indicate that after a certain limit had been reached m water mges- 
tion each succeeding 100 cc of water was less efficient as a stimu- 
lating factor than were the 100 cc portions ingested before the 
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limit above mentioned bad been reached The ratios for the two 
subjects are appended 


Subject W 

Subject E 

experiment I 

EXPERIMENT U 

EXPERIMENT lU 

EXPERIMENT IV 

Copious HjO 
Moderate HiO 

NHj Inc (Cop ) 
NHjIno (Mod ) 

Copious H 2 O 
Moderate H 2 O 

NHa Ino (Cop ) 
NHa Ino (Mod ) 

1 1 81 

mam 

1 2 66 

1 2 54 


Increased NHa per 100 cc HiO (grams) 


3000 cc H 2 O 

ISOOcc HaO 

4000 cc H.0 

ISOOcc HsO 

0 0071 


0 0039 

0 0040 


The Utilization of the Mono-a-amino-acids and the Polypeptides 
by the Tubercle Bacillus By Wm F Koelker and Ben W 
Hammer 

A New Synthetic Tuberculin By Wm F Koelker and Ben 
W Hammer 

The Sources of Error in the Folin Method for the Estimation 
of Creatimne By A E Taylor, (Journal of Biological Chemistry, 
IX, p 19, 1911 ) 

The Gaseous Metabolism of the Heart By T Gregor Brodie 
Hydrolysis of Casein By Thomas B Osborne and H H Guest 
A Contribution to the Chemistry of Invertase By A P 
Mathews (Journal of Biological Chemistry, ix, p 29, 1911 ) 

The Relation of the Adrenals to the Tolerance of Air in the Cir- 
culatory Apparatus By J P Atkinson and C B Fitzpatrick 
The Action of Plasma of Animal Organs and of Blood Serum on 
Inosin, Cytidin, Inosimc Acid and Guanylic Acid By P A 
Levene and F Medigreceanu (Journal of Biological Chemistry, 
IX, p 65, 1911 ) 

On the Combined Action of Muscle Plasma and Pancreatic 
Extract on Glucose and Maltose By P A Levene and G M 
Meyer (Journal of Biological Chemistry, lx, p 97, 1911 ) 

Some illustrations m Ammal and Vegetable Cells of the Gibbs- 
Thomson Law of the Surface Condensation of Solutes By A B 
Macallum 


















THE FORMATION OF d-GLUCONIC ACID BY BAC- 
TERIUM SAVASTANOI SMITH 

Bt carl l. alsberg 

{Prom the OJIce of Dntg Plant, Poisonous Plant, Physiological and 
Fermentation Inoestigations, Bureau of Plant Industry, 
Department of Agriculture ) 

(Received for pubLcation, December 8, 1910 ) 

Dr Erwin F Smith found that the ohve tubercle organism, 
Bacienum Sacastanoi, studied and named by him, forms an acid 
when grown aerobically m the presence of certam sugars Some 
time ago Dr Smith requested me to attempt the identification of 
the acid formed m the presence of glucose ‘ To that end he supphed 
me with four flasks of these organisms grown durmg five months at 
room temperature upon a medium consistmg of 14 grams of Witte 
peptone, 28 grams of calcium carbonate, 20 grams of Merck’s 
dextrose and 1000 cc of filtered tap water It is therefore to Dr 
Smith’s courtesy that I am mdebted for the opportumty to make 
the study herein recorded - 

The calcium carbonate, found to be free from insoluble organic 
calcium salt, was removed from the culture by filtration The 
clear filtrate was concentrated to a thm s3Trup It was set 
aside and the walls of the vessel occasionally rubbed with a glass 
rod In this way an abundant, white, cauliflower-like mass 
developed, that under a hand lens could be seen to consist of aggre- 
gates of fine needles The crystals were drained under pressure 
from the mother hquor before recrj stallizing from hot water The 
mother liquor from the flasks first used reduced Fehhng’s solution 
powerfully, the crystals did not The flask used last, which held a 

‘ Erwm F Smith Recent Studies of the Oh\e Tubercle Organism Bull 
No 131, Part i\ , Bureau of Plant Industry, U S Dept of -Ignculture 
Washington, D C 190S 

»C{ Proc \mer Chcm Soc , Feb 11, 1909, p 59, Proc Soc of Exp Biol 
and Med , 1909, n. p S3 
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Formation of d-Gluconic Acid 


, culture two months older, contained no reducing material By 
repeated recrystallizations white crystals were easilyobtamed with- 
out the use of bone-black They showed great tendency to form 
supersaturated solutions, so that it was often necessary to inoculate 
with a few crystals to obtain a satisfactory crystalhzation The 
purified preparation was then dried under dimini shed pressure over 
sulphuric acid at room temperature When at constant weight 
it was further dried in an air bath at a temperature rising gradually 
to 115° C , when it lost nothing more, so that if water of crystalliza- 
tion were present, as claimed by some, it must have been removed 
at room temperature under diminished pressure over sulphuric 
acid The calcium content was then determined by mcmerating 
and heating to constant weight It proved to be 9 36 per cent 
This corresponds to anhydrous calcium d-gluconate which contains 
theoretically 9 35 per cent calcium Thereupon the acid was set 
fiee by precipitating the calcium ivith oxalic acid, and removuig 
the calcium oxalate The solution was extracted ivith ether to 
remove any slight excess of oxalic acid, and evaporated to a syrup 
There was some indication of crystallization in the syrup, although 
crystals were not abundant d-Gluconic acid does not crystallize, 
but the crystallizing lactone forms easily ^ From the free acid the 
cinchonine salt was prepared This had the characteristic appear- 
ance and solubilities of cinchonine d-gluconate - When the acidwas 
treated ivith a faintly acid solution of ferric chloride a fine yellow 
color ivas obtained, a reaction which d-glucomc acid shares with a 
number of other oxy-acids ® From the calcium salt the hydrazide 
was prepared as recommended by Fischer Here, too, the 
tendency to form supersaturated solutions delay's crystallization 
Aftei three recrystallizations from hot water the hydrazide showed 
the characteristic behavior and melting point of d-gluconic acid 
hydrazide ® The hydi azide dissolved in strong sulphuric acid gave 
a 1 ed coloration with ferric chloride, as shown by Bulow’s Reaction 

1 E Fischer Ber d deutsch chem Gescllsch , win, p 2625 
“ Lippmann Chennc der Zuckerarlen, p 318 
’ Berg Bull de la soc chim , [3] \i, p SS2 
^ Fischer Ber d deutsch chem Gesellsch , win, p 799 
® Fischer Ibid , win, p 799 

s Carl Bulow Ueber einige Verbindungen des Phenylhydrazines, Ann 
d Chem u Pharmacie, ccwwi, p 194 
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Carl L Alsberg 

The optical activity was determined as recommended by Fischer ^ 
Twenty-five centigrams of the calcium salt gave a rotation of 
-i-1 50° m a 100 mm tube Fischer obtamed -M 55° under these 
conditions 

There can therefore be no doubt that the acid obtamed from the 
cultures was d-glucomc acid This acid has been obtamed before 
as the result of the action of other organisms upon glucose, = 
but this, so far as I am aware, is the first record of its production 
by a pathogemc orgamsm 

At the beginnmg of this investigation it was assumed that the 
reducmg substance remammg m the mother hquors after the cry- 
stallization of the calcium d-gluconate was glucose Since Bou- 
troux,^ however, has descnbed an organism which is capable of 
making an oxy-glucomc acid with reducmg power from either glu- 
cose or d-glucomc acid, it is possible that the reducmg material 
in the cultures of Bacterium Savasianoi Srmth is a further oxida- 
tion product of d-glucomc acid Some of the filtered culture fimd, 
consequently, was treated with 95 per cent alcohol until further 
additon of alcohol caused no more precipitation The crumby 
white precipitate formed was filtered off, redissolved m a small 
volume of water, and reprecipitated with alcohol The precipitate 
then no longer reduced Fehhng’s solution All the reducing mate- 
rial had passed into the alcoholic filtrates The alcohol was removed 
under dummshed pressure at a temperature below 50° A sample 
of the solution after havmg been freed from alcohol m this waj 
was readily fermented by yeast so that its reducmg power quite 
disappeared It still contained a httle calcium d-gluconate From 
the unfermented solution the osazone was obtamed m the usual 
nay The osazone was separated from the hj drazide of d-glucomc 
acid by means of its greater insolubility in hot water It nas re- 
crystallized until itsmeltmg pomt remamed contant at 204° There 
can therefore be no doubt that the reducmg substance was unfer- 
mented glucose This was subsequently confirmed by the fact, 
already mentioned, that older cultures lost their reducing poner 

* Ber d dcutsch chem GeselUch, xxiii, p 2611 

‘ The literature has been collected b% Lippmann Chemie der Zuclerarien 
pp 323 and 431 

» Boutroux Sur une fermentation acide du glucoae, Compt rend de 
I icad del set , ett, p 924, cxi, p 1S5 
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The loss of reducing power did not seem to be accompanied by an\ 
considerable loss of d-glucomc acid as far as can be judged from the 
large yields of calcium d-gluconate obtained from these old cultures 

Prom a seven-months-old culture which no longer contained any 
of the 20 grams of glucose originally put into it, 15 93 grams of cal- 
cium d-gluconate were obtained As this salt could not be sepa- 
rated quantitatively from the mother liquor, the amount remaimng 
in solution was estimated by determimng the calcium in the mother 
liquor Before incineration the solution was boiled and filtered to 
remove any calcium bicarbonate that may have been m solution 
The calcium in solution corresponded to 7 33 grams of calcium 
gluconate, so that 21 32 grams of d-glucomc acid had been formed 
corresponding to 17 02 grams of glucose The deficit was less than 
3 grams of glucose The glucose used was Merck's anhydrous 
glucose In preparing the culture medium it was taken directly 
from the bottle without further drying It may not have been qmte 
anhydrous and, if so, the amount of glucose unaccounted for may 
be even less At any rate it is justifiable to conclude that only a 
little glucose was converted into anything other than d-gluconic 
acid There mav be a small error in this calculation due to the fact 
that the assumption is made that the calcium remaimng in the 
mother liquor is combined with d-gluconic acid and that other 
soluble calcium salts are not present Certainly no other acid 
was found 

The amount of energy liberated by the oxidation of glucose to 
d-glucomc acid is verv considerable The heat of combustion of 
glucose IS 673 7 Cal I have not been able to find data on the heat 
of combustion of d-gluconic acid, but that of the lactone of 1- 
gluconic acid is 615 3 Cal ^ The heat of combustion of d-gluconic 
acid will be different, though probably not very much For want 
of better data, I have assumed that it is the same Then the heat 
of reaction m the conversion of glucose into d-gluconic acid is 
probably about 58 Cal or 8 6+ per cent of the total energy obtain- 
able by the complete combustion of glucose This is of the same 
order of magmtude as some other fermentations such as the for- 
mation of alcohol - Inasmuch as about 17 02 grams of glucose have 

' Lippmann O'p cit , p 1742 

2 M Rubner Calonmetnsche Untersuchungen, Zeiischr f Biol , xxi, 
p 33S 
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been oxidized, it follows that about 5 48 Cal have been hber- 
ated by the organisms m a smgle flask m the course of seven months 
or an average of 026 Cal per dav, provided we assume that it 
is permissible to consider only the simplest fermentation equation 
That such calculations are very maccurate either because they dis- 
regard the heats of solution or because the fermentation equations 
are mcomplete as well as for a variety of other reasons has been 
shown by Rubner ^ Still for the determination merely of the order 
of magmtude of the energy converted m the formation of d-glu- 
comc acid it is accurate enough, particularly as it represents mmi - 
mum not maximum values It is possible that there is stdl another 
source of error m this calculation due to the fact that all the glucose 
may have been converted some days or even weeks before these de- 
termmations were made However, as this error if present would 
make the per diem values smaller, not larger, it can not impair the 
argument Moreover, this calculation does not take mto considera- 
tion the 3 grams of glucose unaccounted for, which were probably 
also oxidized to furnish heat as they could not be stored as reserve 
carbohydrate m the small amount of micro-organisms present 
Even an accurate knowledge of the energy converted would be of 
very httle value without a knowlede of the mass of hving matter 
concerned m the process To weigh the micro-organisms m hqmd 
culture media accurately is as yet imposible - Results suflaciently 
accurate for the approximations necessary m this discussion, were 
obtamed thus — ^The organisms were decanted from the lime salts 
present m the medium The remainmg lime salts were suspended 
in much water and dissolved slowly with acid, without usmg an 
excess The solutions were then filtered through asbestos m per- 
forated crucibles The residues were washed, dried, and weighed 
The filtrates were centrifugated at high speed and the weight of 
the washed, dried sediment added to that of the Gooch crucibles 
The dry weight of the rmcro-organisms was thus found to be 0 0087 
gram, which can not be regarded as more than a very rough approxi- 
mation If we assume the organism to contam not over 85 per cent 

'M Rubner Die XJmsetzungswanne bei der Alkoholgahrung, Arch 
f Hygiene, xlix, p 355 g 

*M Rubner Energieverbrauch im Lefaen der ^fiL-mnTg nnTaT, .,' 
Arch f Hygiene, xlvui, p 2SS 
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water^ the live weight would be 058 gram We must, however, 
further take into consideration that probably all orgamsms were not 
active at any one time The organism is aerobic and perhaps only 
the surface pellicle was actively oxidizing Those organisms 
which had dropped beneath the surface were probably not active, 
though they may have been alive If such orgamsms were dead 
they might have been autolyzed setting enzymes free in the medium 
to continue oxidation outside the cells This possibility deserves 
consideration in view of recent studies on bacterial oxidizing 
enzymes surviving the bacteria themselves ^ No oxidation ivas 
found in a preliminary experiment with filtered culture containing 
an antiseptic, toluol Possibly experiments of longer duration 
might reveal it Moreover, in view of the great difficulty with which 
such intracellular enzymes are separated from the cells, and further, 
in view of their great instability when separated, any considerable 
oxidation by this means seems improbable At any rate that it 
may occur remains to be proved For non-oxidizing enzymes, a 
post-mortem action on the medium has been demonstrated in the 
ripening of cheese ^ 

The amount of material metabolized and the amount of chemical 
energy converted is therefore very large when compared with the 
corresponding processes of higher forms such as germinating seeds 
or man The Bacterium Savastanoi Smith under the conditions 
of these experiments according to this approximate calculation 
conveits daily an amount of energy equivalent to at least 448 4 
Cal per kilo of organisms Men require about 35 Cal per kilo 
per day The same fact has been brought out by Stoklasa 
He found that 100 grams of dry Clostridium hutyncum yielded 2 13 
grams of carbon dioxide per hour, Bacterium Hartlebii 2 89 grams, 
sugar beet root 0 006 grams ^ Rubner has also repeatedlj drawn 
attention to this phenomenon and published fundamental investiga- 

^ M Rubner Das atadtische Sielwasser und seme Beziehung zur Flues- 
verunremigung, Arch f Hygiene, xlvi, p 41 

* R O Herzog und A Meier Ueber Oxydation durch Schimmelpilze, 
Zeitschr f physiol Chem , Ivii, p 35, h\, p 57 

’ 0 Jensen Landwirtschaflliches Jahrbuch der Schweiz, 1906, p 303 

« J Stoklasa, J Jehnck und E Vitek Beilr z chem Path u Physiol 
in, p 507 



Carl L Alsberg 


7 


tions upon the metabolism of energy of micro-orgamsms * The 
significance of these great quantitative differences betrveen the 
metabohsm of rmcro-orgamsms and that of larger forms of hfe are 
not yet quite clear An attempt to offer an explanation for these 
differences and to point out their relations to theories of fermenta- 
tion was made at the time this paper was presented Its pubhca- 
tion 13 reserved for another commumcation 

‘ M Rubner op cil, M Rubner Grundlagen einer Theone des Wachs- 
tuma der Zelle nach Emahrungaversuchen an Hefe, Sitzungsber d Jonigl 
preitas Akad d Wiasensch , 1909, p 167, M Rubner Energieumaatz im 
Leben der Spaltpilze, Arch f Hygiene, Ivii, p 193 




CHOLESTEROL BODIES IN SOILS PHYTOSTEROL ^ 

Bt OSWALD SCHREINER and EDMUND C SHOREY 
{ConlnbuhonjTom the LaboraloTy oj FerliUlyIncesligalions, B ureau of Soils ) 

(Received for publication, December 7, 1910 ) 

The increased interest of biological chemists m the hpoids has 
tended to direct greater attention to the cholesterol bodies that 
generally accompany them This has resulted not onlj m consider- 
able speculation regarding the ph 3 'siological r61e of these bodies, 
but m important advances m our knowledge of the part these bodies 
play in the animal economy- and a greater understanding of the 
chemical constitution of these compounds * 

In plants a large number of cholesterol bodies occur* These 
differ chiefly m rneltmg point and crystallme form and are generallj' 
present in plant tissues m combmation with higher fatty acids as 
esters 

In a previous paper® the isolation of a cholesterol body, agros- 
terol, from sods was described This compound differed m rneltmg 
point from any cholesterol previously described and the manner m 
which it was obtamed indicated that it occurred m the sod as such 
and not m combmation 

* Published by permission of the Secretary of Agriculture 

’ Doree Ellis and Gardner Proc Roy Soc , l-ccr, 190S, l-coa, 1909, Kuso- 
moto Biochem EeilscAr , -av, pp 411-416, 190S, WiUstatter Ber d deulsch 
chcm Gesellsch , -dii, p 23S, 1909 

* Diels and Abderhalden Ber d deulsch chem Gesellsch , vctvi, p 3177, 
1903, Diels ibid , ’di, p 2597, 190S, Mauthner ilonalsh f Chem , xvx, 
p 035, 1909, Windaus Ber d deulsch chem Gesellsch , sli, pp 611, 25SS, 190S 

‘ Windausand Hauth Ber d deulsch chem GesedscA , txxiv, p 437S, 1906, 
\1, p 3001, 1907, Jager Chem Ccnlralbl , 1907, i, pp 13, 703, ii, p 6S4, 
Bull No 53, Bureau of Soils, U S Dept of 4gnc ,Journ Amer Chem Soc 
XXXI, p 116, 1909 

‘/oura Imcr Chem Soc , \v\i, p 116 1909, Bull No 53, Bureau of Soils 
U S Dept of Ignc 
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Phytosterol in Soils 


In the present paper the isolation of another cholesterol boJj 
from soils is presented This has been identified as phytosterol, 
the most common cholesterol body of plants 

The phytosterol was obtained from a peaty soil containing 27 
per cent of organic carbon The soil was treated with boiling 
95 pel cent alcohol, the extract filtered while hot and allowed to 
cool On cooling, a voluminous precipitate separated and was fil- 
tered off This precipitate contained hgnocenc acid described 
elsewhere ^ The filtrate was carefully evaporated and kept at 
constant volume by the addition of water until the alcohol was 
removed The reddish brown precipitate thus formed was separ- 
ated by filtration, washed with water and dried As thus obtained, 
it formed a brown, resinous powder This material was extracted 
with boiling petroleum ether and on removing the ether from the 
extiact, there was left a light-colored, oily mass which became semi- 
sohd on standing This oily residue was sapomfied with alcoholic 
potash, the alcohol removed, the soap dried and extracted with 
boiling petroleum ether The petroleum ether was removed from 
this extract, then treated with a relatively large volume of hot 
alcohol in which it was completely soluble On cooling this solu- 
tion, there was a separation of some microcrj'Stallme material* 
which was removed by filtration and the alcohol allowed to evap- 
orate The residue thus obtained was dissolved in a small quan- 
tity of chloioform and allowed to stand After a few hours cr}&- 
tals, having the appearance of phytosterol, were formed The 
appeal ance of these crystals is shown in the photomicrograph and 
is chaiactenstic of this body and quite distinct from cholesterol 
oi agrosteiol, the other cholesterol body found in soils 

The compound obtained m this way was purified by several 
recrystallizations It melted at 135°, the melting point of ph}- 
tosterol being given by different authorities from 132° to 138° 
gave the Liebermann cholesterol reaction strongly, as well as 
the cholesterol reaction with sulphuric acid and chloroform Tin’ 
method by which this compound was obtained, its crystalline 
form, its melting point and color reactions, aie sufficient to estab- 
lish its identity as phytosterol 

^ Joiun {iiio Ch( in Soi w\ii, j) 1674, 1010 

= Identified it. hciitri icoiit me, CjiH,n, /oara Iwer Chein Sac, \x\in 

p 81, 1011 
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It mil be noted that m this case the ph3dosterol was obtained as 
the result of saponification and it has not been possible to obtain 
this body from the soil under investigation by any method which 
did not involve saponification The phytosterol then is no doubt 
present m the sod m combination, probhbly as an ester of a higher 
fatty acid, as in vegetable fats and ods The well-known wide 
distribution of phytosterol in plants and the fact that when found 
in soil it IS in combination, as in plants, make it probable that the 
phytosterol is a plant residue which remained unchanged m this 
soil 

While our knowledge of the physiological rfile of cholesterol m 
the animal body is as yet meager, stdl less is known of the part 
that such bodies play in the life of plants The effect of the pres- 
ence of cholesterol bodies m a sod or sod solution on the growdh of 
plants or on the micro-flora of the sod is as yet a matter to be 
determined 

Both phytosterol and the agrosterol premously described occur 
in the soils in which they have been found, m very small quantities, 
but their presence establishes a connection with other theones of 
geological rather than biological mterest Several authonties have 
contended that the optical activity of certain mineral oils w as due 
to the presence of cholesterol bodies ^ Whde this has been disputed 
there has been much speculation regarding the source of the choles- 
terol bodies m mineral ods * 

The variabihtj' of the orgamc matter of soils has been pointed out 
and emphasized in previous papers, but the occurrence of these 
two cholesterol bodies, agrosterol and phjdosterol, m soils shows 
that the variabditj extends to the compounds in one class Phj- 
tosterol occurs in the sod m combination, probably as an unchanged 
plant residue, whde agrosterol occurs free and may be the result 
of the breaking up of a simdar combination or it maj hai e been 
formed m the sod from fatty or other bodies of quite different 
constitution 


* Engler Chem Zcit , 1906, p 711, Rakusm ibid , p So, Marcussobn 
ibid p 419 

’ Ntubcrg Btochem Zeitschr , t, p 36S, 1906, W alden Chem Zeit 1906 
P 391 ’ 
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THE INFLUENCE OF URETHANE IN THE PRODUCTION 
OF GLYCOSURIA IN RABBITS AFTER THE IN- 
TRAVENOUS INJECTION OF ADRENALIN 

By frank P UNDERHILL 

(from the Sheffield Laboratory of Physiological Chemistry, Yale Uniiersily, 
Yew ffaten, Conneclicui ) 

(Received for publication, December 8, 1910 ) 

The vast accumulation of literature relative to adrenalm gly- 
cosuria contains verj' few records of attempts to demonstrate a 
quantitative relationship between adrenalm administration and 
sugar elimination For the most part investigators have been 
content with the knowledge that a certain quantity of adrenalm 
injected subcutaneously or intrapentoneally almost mvanably 
causes the appearance m the unne of significant quantities of 
dextrose Moreover, it has been generally accepted that adrenahn 
given by mouth entnely fails to provoke glycosuria and that the 
mtrapentoneal administration giies nse to a greater sugar excre- 
tion than the introduction of the drug directly mto the circulation 
What relationship exists betw een the quantity of adrenalin mjected 
and the sugar ehmmated, and how this relation may vary with 
change in the manner of adrenahn introduction are questions of 
some importance since adrenahn effects are constantlj employed 
m the study of problems having a far reachmg sigmficance 
Perhaps the most suggestive investigation m this particular 
direction is the recent communication of Ritzmann' He has shown 
that the degree of gljcosuria is dependent upon the quantity of 
adrenalin present m the blood at any gi\ en moment So long as 
adrenahn is present m the blood sugar m the urme is m order but 

'Ritzmann Arch f ezp Path u Pharma) ol , ha, p 231,1909 See also 
Straub ilHnch med Wochcnschr , 1909, No 10, Poliak Arch f exp 
Path u Pharmakol , L\i, p 376, 1909 
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glycosuria ceases as soon as adrenalin disappears from the circula- 
tion and almost immediately reappears when the drug is again 
introduced Extremely dilute adrenalin solutions are potent in 
eliciting a relatively large excretion of sugar There exists, accord- 
ing to Ritzmann, a direct relationship between the quantity of 
adrenalin introduced into the circulation and the amount of sugar 
eliminated in the urine, and for each rate of adrenalin injection 
there is a corresponding grade of glycosuria Furthermore, adrena- 
lin administered subcutaneously is not capable of inducing as 
much sugar to appear in the urine as a much smaller quantity of the 
drug introduced intravenously In Ritzmann's experiments cats 
and rabbits were employed and the adrenalin was introduced into 
the jugular or femoral veins by a modification of the Kretchmer 
method The injections were made with the ammals under anaes- 
thesia In general when rabbits were used narcosis was produced 
with urethane given by stomach sound Urme was collected 
through a permanent catheter 

In the course of an investigation it became desirable to make use 
of Ritzmann’s observations and trials were made in order to deter- 
mine whether in our hands entirely corroboratory results could 
be obtained Our method of introducing the drug directly into 
the circulation of the experimental animal (the rabbit) was that 
indicated in a former paper,^that is, adrenahn (Parke, Davis and 
Company), suitably diluted with 0 9 per cent sodium chloride 
solution, was injected into the ear vein under pressure This obvi- 
ated the necessity of narcosis Urine was obtained at the desired 
intervals by compression of the bladder through the body wall 
Our experimental conditions conformed in every other respect with 
those of Ritzmann 

In spite of the harmony existing between the experimental con- 
ditions of Ritzmann's investigation and our own all attempts 
to provoke glycosuria by intravenous injections of dilute solutions 
of adrenalin into normal rabbits failed Two experiments are 
given below in detail which will serve as typical examples of a 
large number of similar observations Table 1 shows the results 
obtained in an attempt to duphcate Experiment 4 (p 239) of 
Ritzmann while the data in Table 2 are those yielded in an en- 

1 Underhill and Clos3on Amer Journ of Phijsiol , w, p 321, 1906 
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deavor to duplicate lUtzmann's Expenment 15 (p 240) In 
Ritzmann’s Experiment 4, 0 18 gram dextrose was present in the 
unne after the introduction of 75 cc of 1 500000 adrenalm solu- 
tion in 40 minutes, whereas m the present investigation, Table 
1, no sugar appeared after nearly 200 cc had been injected at the 
same rate It is shown m Experiment 15 of Ritzmann’s work that 


TiBLB I 

Female rabbit of 3400 grama leeigkl The urine in the bladder contained 
no reducing siibslances Adrenalin aolution, 1 5DOOOO 
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'With Benedict’s reagent Benedict Journal 0/ Biotceical Chtmulry IMS, v p iSo 
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M ale rabbit of 3300 grama Keight Urine inhladder did not reduce Adrenalin 

solution employed, 1 350000 
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50 
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0 28 gram sugar was present m the unne when 49 cc of 1,250000 
adrenalin solution had been mjected m20nimutes Our mtroduc- 
tion of 333 cc (Table 2) of the same strength and at the same 
rate of injection did not induce any glycosuna 
In an endeavor to account for the discrepancy between Ritz- 
mann’s results and our owm coutrol experiments were earned through 
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without suggesting a probable explanation Finally observations 
were made upon animals that had received urethane by mouth 
All experiments in which sufficient urethane had been given yielded 
results in entire accord with those of Ritzmann Positive results were 
obtained invariably only when sufficient urethane had been intro- 
duced The quantity of urethane necessary appears to be about 
one gram per kilo of body weight Smaller quantities will, however, 
frequently furmsh positive results but the smaller quantities cannot 
be relied upon, whereas with doses of one gram per kilo not a single 
experiment failed to induce glycosuria 
Table 3 presents data obtained upon an animal without ure- 
thane narcosis and m Table 4 may be found results from the same 
animal under urethane narcosis Urethane alone is incapable of 

TABLE 3 

Male rabbit of 2000 grams weight Bladder einjity when tested 1 5 grams ure- 
thane in 20 cc water by stomach lube Adrenalin solution employed, 


1 250000 
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URINE EXCRETED 
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3 25 

0 

— 


3 45 

38 

0 

negative 

4 05 

33 

0 

negative 

4 25 

43 

2 

negative 

4 45 

42 

3 

negative 

5 05 

45 

6 

negative 

5 25 

45 

26 

negative 

5 45 

45 

23 

negative 


inducing glycosuria and negative results are also yielded when so- 
dium chloride is introduced into a urethane narcotized rabbit in the 
quantities and at the rate employed in the adrenalin experiments 
Prom these observations it would therefore appear that urethane 
renders the rabbit organism unusually sensitive to the glycosuria- 
inducing action of adrenalin It has been demonstrated by Froh- 
lich and Loewdthat cocaine causes the organism of the cat and dog 
to become more sensitive to adrenalin with respect to its influence 
upon blood pressure, salivary secretion and mydriasis It is possible 


‘Frohlich and Loewi Arch f exp Path u Pharmakol , Ixii, p 159, 1910 
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that adrenalin plays a role in adrenalin glycosnna somenrhat analo- 
gous to that of cocaine obsen ed by the above mentioned authors 
Moreover it is possible that other narcotics and anaesthetics may 
exercise an influence similar to that of urethane m this and other 
forms of experimental glycosuria 
In another portion of Ritzmann’s paper there appears a compari- 
son of the mfluence of adrenalin 'when admmistered subcutaneously 
and intravenously It is shown that a very small quantity of 
adrenahn injected mtravenomly will cause very much more sugar 
to appear m the urme than a much larger quantity of adrenahn 
mtroduced subcutaneously This comparison seems hardly fair 
in view of the influence of urethane noted above smce m Eitz- 
mann's experiments the narcotic was employed only when adrena- 

Tuam 4 


Same animal that teas employed tn preiious experiment — four days later 
Urine in bladder gate no reduction, 2 0 grams urethane in 35 cc water by 
mouth Adrenalin employed, 1 250000 
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Im was guen intravenously From a consideration of the above 
obsen ations concemmg the role played bj urethane in the pro- 
duction of glycosuria after mtravenous injections of dilute solu- 
tions of adrenalin it appeared desirable to detemune whether in 
the non-narcotized animal adefimte quantity of adrenalin mjected 
intravenously in dilute solutions would yield more sugar m the 
urine than the same quantity of adrenahn adrmmstered subcutane- 
ously in the dilution, 1 1 000 Table 5 show 3 the results of four such 
experiments The rabbits were maintained under constant con- 
ditions of diet throughout so that the duergences in sugar elirmna- 
tion can not be ascribed to such an origin Neither can they be 
attributed to lack of gly cogen in the body since a lapse of time was 
allowed between the injections sufScient for the production of a 
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new store of glycogen From an inspection of Table 5 it will be at 
once apparent that the intravenous administration of adrenalin 
in the dilution employed is far less potent in the non-narcotized 
rabbit than the usual subcutaneous injection with respect to the 
appearance of sugar in the urine These results are m direct opposi- 
tion to those of Ritzmarm The use of urethane m Ritzmann’s 
experiments is undoubtedly the factor responsible for our failure 
to corroborate his conclusions Our experiments also indicate 
the variation m the quantity of sugar ehmmated by the normal 
rabbit maintained under constant conditions when equal doses of 
adrenahn are subcutaneousl}- admimstered at different periods, 
an observation which has been corroborated for the dog 


TABLE 5 


BABfilT 

anoAB :n umne after sascnTAVEous 
INJECTION OF ONE UILLIORAAl ADBE- 
NAUN PER KILO IN DILUTION 1 1000 

SUGAR IN URINE ArTBR INTRAVENOUS 
INJECTION OP ONE MILLIGRAM 

adrenalin per kilo in 


First Injection 

Second Injection 

DILUTION 1 125000 

1 

3 58 

4 17 

0 0 

2 

1 91 

3 50 


3 

2 78 

3 39 

0 38 

4 

3 47 

4 93 

0 0 


CONCLUSIONS 

Data are furnished from which it is concluded that adrenalin 
introduced in very dilute solutions (1 500000 to 1 125000) fails to 
induce glycosuria m the normal rabbit On the other hand, when 
the ammal is under the influence of urethane narcosis these dilute 
adrenalin solutions are a sufficient stimulus for the production of 
glycosuria 

From these observations it is apparent that urethane renders the 
rabbit organism unusually sensitive to the glycosuria-inducing 
action of adrenalin The subcutaneous administration of adrena- 
lin m the usual dilution (1 1000) to normal rabbits is far more 
efficacious in causing glycosuria than the same quantity of adrena- 
lin introduced intravenously in much greater dilution 

The same quantity of adrenalin injected subcutaneously at differ- 
ent periods into the same animal under constant conditions causes 
the appearance in the urine of variable quantities of sugar 




THE SOURCES OF ERROR IN THE FOLIN METHOD FOR 
THE ESTIMATION OF CREATININE 

By ALONZO ENGLEBERT TAYLOR 
(Received for publication, December 7, 1910 ) 

Having had occasion to direct and supervise the estimation 
of creatinme by the I ohn method m over a thousand specimens of 
unne, certam sources of possible error m this excellent method 
have been brought forcibly to my attention Certam of the errors 
are inherent m the method, others are due to misapphcations of 
the method 

A standard dilution, m the estimation of normal urmes, facih- 
tates greatly the comparisons of results In the normal cases 
with whose exammations I was associated, all urmes were diluted 
to 2000 cc Since in these cases the masses of creatimne ran from 
1 5 to 2 0 grams daily the concentrations were near the center of 
the latitude permitted by Folin m the ongmal descnption of the 
method While it is true that from 5 to 15 milhgrams of creatm- 
me may be permitted in the volume of urine submitted to the test, 
it IS clear that for comparative work a relatively large error is 
permitted in so wide a range of concentration A constant dilu- 
tion of the urme lessens this variable, a double estimation, m which 
the second deals with the amoimt of unne containmg just 10 milh- 
grams accordmg to the first estimation, will obviate the error 
The varymg mtensity and quahties of normal and abnormal 
urmary pigments modify sometimes the values of the readmgs 
Bile is qmte disturbmg, as are excessive degrees of the normal 
urochromes Here agam a standard dilution lessens the deflec- 
tions There are urmes, hoi\ ever, m which an accurate estimation 
demands a decoloration of the urine How this is to be accom- 
phshed, whether by mechamcal or chemical means, vrould doubt- 
less vary with the particular condition Naturally it would m 
each instance need to be shown that the mass of creatme was not 
altered by the process of decoloration Smce so small a volume 
of urme is employed m a large volume of picric acid solution, the 
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disturbing influence of the urinary pigments may be somewhat 
surprising It is to be explained by the fact that under these cir- 
cumstances a color distinction is added to a distinction of intensity, 
particularly confusing to the untrained eye 

To my mind, and to my eye, the greatest defect of the method 
lies in the absence of a standard hght Few normal eyes are per- 
fect in colorimetric estimations, and not a few normal eyes are 
totally and permanently unfitted to such This is noHargely or 
primarily a question of color sense As is well known to silk test- 
ers, all good judges of color are not good judges of shade In the 
estimation of hght and shadow in the polariscope, in work with 
the spectroscope, in the simple readings of the haemoglobino- 
meter, similar observations are to be made, some individuals can- 
not make accurate or corresponding readmgs DayLght is a vary- 
ing factor most of all in cities One has to deal with high blue 
light the brassy sky of the heated summer day, high white hght, 
fog hght, dark cloud hght, the dull hght of ramy days, at times 
with the addition of more or less smoke With these different 
lights, it is often difficult to make readings with the colorimeter 
in which the range of minimal differences is not so wide as to lead 
obviously to gross errors I have seen days of low fog in Califor- 
ma in which an estimation of creatimne could not be made with less 
than a plus or minus error of 10 per cent Gas light, the hght of 
the carbon filament, the hght of the tungsten filament, the light 
of the arc lamps are all unsuited to the estimation It is possible 
that the hght of the Moore tube might prove smtable It is also 
possible that with some appropriate hght filter, one or other of 
these above mentioned lights might prove satisfactory But if 
the Fohn method is to attain to that general usefulness and relia- 
bility to which its intrinsic qualities entitle it, a standard light must 
be found, standard m quahty and intensity 

Under ideal conditions, the method will enable one to estimate 
10 milligrams of creatimne with an accuracy of plus or minus 0 1 
milhgram Under undesirable conditions of concentration, urin- 
ary pigmentation and light, the plus or minus error m the estima- 
tion may be at least a milligram Accurate estimations and close 
agreements in the determinations of creatimne are greatly to be 
desired because in this case we deal with a fundamental metabolism, 
the full understanding of which we are just beginning to appre- 
ciate 



ON THE CTJTANEOITS ELIMINATION OF NITROGEN, 
SULPHUR AND PHOSPHORUS 


By ALONZO ENGLEBERT TLYLOR 

(Received {or publication, December 9, 1910 ) 

The present publication presents the results of two metabolic 
experiments, m which, for the purpose of securing normal data, the 
attempt was made to secure quantitative determmations of the 
magmtudes of the cutaneous eliminations of mtrogen, sulphur 
and phosphorus I shall make no review of the hterature, desirmg 
merely to publish our results The subjects of the tests were two 
healthy men of about forty and twenty-five years of age They 
■were techmcal assistants m laboratory work, and thus fanuliarmth 
the controls demanded m metabohc expenments The tests were 
carried out during the winter of 1910 m Berkeley, Cahforma The 
men w orked m laboratories not heated, in which the temperature 
during the period of investigation ranged from about 50° to 65° F 
The men did each day, including Sundaj s, a umform amount of 
work, at the quite uniform room temperature stated and wore 
throughout the tests clothing of uniform weight Conscious per- 
spiration was not noted by either man during the course of the tests 
The diet was of milk, cereal, bread and sugar, and was fixed by 
each man in a foreperiod and thus adapted to his habits and require- 
ments, once thus fixed, it was constant during the time of the test 
Obviouslj, what we desired to learn was the ehnunation of the 
named substances under normal uniform conditions not the possi- 
ble extent of such eliminations under excessive and uncontrolled 
conditions of work, external temperature and clothing I have no 
doubt that under forced w ork and perspiration, much larger values 
than hav e been here noted could hav e been secured We wnshed 
to form an idea of the data of normals and of the range of mdi- 
vidu d variations 
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The bodies of the men were washed daily with alcohol and 0 5 
per cent solution of sodium carbonate The underclothing and 
stockings were washed in a similar manner The hair was not 
washed Every attempt was made to make the washings quanti- 
tative The wash waters were collected from day to day in 
large evaporating dishes, kept strongly acidulated with hydrochloric 
acid, and in the end the collections, representing the total secre- 
tions for the entire periods, were evaporated to nearly dryness It 
was intended to carry the experiments through six weeks each 
In the one case, however, at the end of fourweeks the diet had to be 
discontinued on account of the impaction of the milk stools m the 
sigmoid flexure The periods of tests were therefore 28 and 45 davs 
The dessicated collections were first thoroughly extracted with 
absolute alcohol The residue was then thoroughly extracted with 
water The final residue, composed largely of coal soot, was dried 
There were thus three fractions the alcoholic extract, the watery 
extract and the insoluble residue Eor the estimation of the total 
sulphur the materials were oxidised with sodium peroxide, and the 
SO4 weighed as the barium salt, after precipitation according to 
Fohn For the estimation of the phosphorus, the materials were 
oxidised with magnesium oxide, according to the oflicial method 
for the analysis of fertilizers, and the final estimation accomplished 
by the molybdate titration method The mtrogen was determined 
by the K] eldahl method Since the fractions concerned m the analy- 
ses can have no importance, the totals alone will be given 
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The average eliminations of S, P and N per day for the two 
men were therefore 
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These viilues are of course too low Firstly, becuust the luiir was 
not washed, and secondly, because there must have been some loss 
m the washings When one recalls the richness of the secretions 
of tlio scalp, and contrasts the area of the scalp with that of the 
rest of the body, a certain approximation of tins loss is permitted 
It IS quite certain to be larger for the sulphur than for the nitrogen 
Probably 10 per eent would represent this loss for tlic nitrogen, and 
20 per cent for the sulphur The washings obviously include botli 
elimination and desquamation When one notes the minimal 
figures for *hc phosphorus, one is led to infer that m all likelihood 
this represents desquamation solely, being derived from the nuclei 
of the desquamated epithelial cells, and that therefore there is no 
real cutaneous elimination of phosphorus m any form For the 
nitrogen eliminations there is a good agreement For the sulphur 
eliminations however a wide individual variation is to be observed 
la neither wash waters were body hairs to bo seen in more than 
minimal numbers, so that the variation m sulphur cannot bo 
attributed to this factor, important when one considers the sulphur 
content of hair This variation is appan iitly then simply a varia- 
tion 111 the cutaneous elimination of sulphur m two different men 
As IS well known, the skin m some individuals is a great deal more 
greasy then m others, and it is quite likely that this variation rests 
upon variation m the secretion of sulphurized lipoids 
Contrasting these figures with those of the metabolism, we have 
tho following tabulations 
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In all probability the cutaneous elimination of mtrogen and 
sulphur IS, under constant conditions of work, clothmg and temper- 
ature, a constant for each individual, and in no wise dependent 
on the total metabolism of mtrogen and sulphur in the individual 
The cutaneous ehmmation of phosphorus may be said to be ml 



ON THE ESTIMATION OF UEEA 


By ALONZO ENGLEBERT TAYLOR 

(Received for pubbcation, December 10, 1910 ) 

One encounters in the current hterature of physiological chem- 
istry certam misconceptions regarding the estimation of urea and 
the purposes of such deterrmnations These misconceptions are 
based upon the techmcal chemical criterion of quantitative analy- 
sis, m disregard of the physico-chemical law that the adaptabil- 
ity of a chemical method of analysis is determmed not solely by 
the exactness of the method under the conditions of exact analy- 
sis, but by the conditions of the whole experiment and the control 
of the other variables m the experiment of which the particular 
chemical procedure constitutes one phase 
There are two methods for the estimation of urea concerned m 
this discussion, that of Fohn and the first method of Benedict 
The two methods give identical results with known solutions of 
urea Apphed to the urme the method of Benedict gives shghtly 
higher results, apparently that of Fohn when carefully executed 
gives very accurate results The slightly higher results of the 
method of Benedict are due to the fact that a small amount of uric 
acid and creatmme are hydrolyzed to urea This may be minimized 
by having the urine dilute, by restnctmg the amount of hydro- 
chloric acid to but little more than the amount necessary to com- 
bine with the ammoma evolved from the urea, and hmitmg the 
pressure of the autoclave to five atmospheres and the tune of the 
heating to one hour Under these conditions, the Benedict method 
will yield figures that are about one per cent higher than those fur- 
mshed by the Fohn method The defects of the Fohn method are 
that the reaction must be carefully watched durmg its first stage, 
and that when the ammoma is distilled off this distillation must 
be earned practically to the point of dryness of the residue "When 
they are to be done m large numbers, the estimations by the method 



26 


Estimation of Urea 


of Benedict are much more easily done than are a similar number 
of determinations with the method of Fohn 
When one desires to learn exactly the amoimt of urea m a unne, 
the method of Fohn is the one to be employed When in a meta- 
bohc experiment in which the lower limit of protem input is bemg 
sought, the absolute output of urea is being determined, the method 
of Fohn shouldbe employed Onthecontrary it canbeeasilyshown 
that in a metabolic experiment dealing with a subject on a natural, 
known and fixed diet, where the mtrogen balance is bemg deter- 
mined and the partition of mtrogen into the terms ofurea-mtrogen, 
creatimne-mtrogen, purme-mtrogen, ammoma-mtrogen, hippunc- 
mtrogen and rest-mtrogen is being defined, the method of Bene- 
dict fulfills every physiological and physico-chemical requirement 
For what is the r6le of the figure for the urea-mtrogen in such a 
balance and partition experiment? The ratio of the urea-mtrogen 
to the total mtrogen is merely a function of the nitrogen input, 
since the body resists all storage of mtrogen and the excess of pro- 
tein input IS hydrolyzed and eliminated as urea While it is prob- 
ably true that if the exogenous creatimne be excluded, the elimin- 
ation of creatimne is shghtly higher on a rich protein input, as a 
matter of approximate fact it is certain that the creatimne-mtro- 
gen, the purme-mtrogen, and the rest-mtrogen are expressions of 
metabohc entities, and are quite umnfluenced by the excess of 
simple protein in the diet The relations of the ammoma-mtro- 
gen are not clear, but this fact has httle relevancy to the matter 
under discussion The urea-mtrogen represents the sums of prob- 
ably three functions, an essential urea output, corresponding to 
the essential purine output for illustration, a fraction which accord- 
ing to the investigations of Fohn must be small, a fraction due to 
the conversion of uric acid and creatimne into urea, a fraction of 
which the extent is undetermined though small, and the larger 
fraction representing simply the output corresponding to the excess 
of protem in the diet Now the exact estimation of the urea m a 
balance experiment simply means that the urea percentage of the 
total mtrogen will be found a httle lower than if the deterrmnation 
were done by the Benedict method This shghtly lower percent- 
age has no meamng in interpretation since the normal variations 
and fluctuations noted in different mdividuals and indeed at differ- 
ent times in the same individual are greater than the increment 
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over th.e values determined by the Fohn method that are yielded 
by the Benedict method So far as the partition figures are con- 
cerned, the fact simply is that when the Benedict method is used 
instead of the Fohn method, the figure for urea is about 1 per cent 
higher and the figure for rest-mtrogen about 1 per cent lower 
Smce within these hmits no mterpretation can be placed on the 
exact estimation of the rest-mtrogen, the results obtamed b> the 
Fohn method mean no more and not hin g else than those deter- 
mmed by the Benedict method The partitions that are of value 
foraccurate determmationsare thoseof creatimne,punne,ammoma 
and hippunc acid in some cases The value of the urea is solely 
in relation to the total mtrogen, and for this purpose whether the 
percentage be exact or 1 per cent too high, has httle meamng The 
real questions are two Is the individual m mtrogen balance‘s 
What are the amounts of a mm onia, creatimne, punnand possibly 
hippunc acid? What is the amoimt of rest-mtrogen? For the 
determination of the last, we need an estimation of urea that shall 
be fairly accurate, simply to show that the rest-mtrogen of which 
httle IS known, hes within the rather wide normal Lmits for this 
fraction For such an estimation of urea the older methods, of 
which the hypobromite may be taken as a type, are of course too 
grossly inaccurate But the method of Benedict, that vanes m 
its results always m the one direction of increase, and of which the 
degree of mcrease can always be held withm narrow hmits, is fuUj 
competent It is here as elsewhere, we must adapt our method to 
our problem There is no use in emplojung the most accurate 
method for the estimation of the chlondes of the unne, smce a 
large amount of chlonde goes out by the skm and the urmary elim- 
ination IS secondary thereto 

There are many investigations in which metabohc studies are 
employed partly for the direct information they yueld and partly 
as adjuncts For many expenments it is necessary to know that 
the body is in balance, it is necessary to know accurately the 
amounts of creatimne, purme and ammoma, and the amounts of 
urea and rest-mtrogen m a fairly accurate manner For many 
such investigations, abnormal findmgs m these dueciions will not 
be found and are not to be expected But the figures for the meta- 
bolic expenment, m themselves normal, give to the experimenter 
a guarantee of control m the expenment that enables him to trust 
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any abnormality that may be detected m any special function 
For such investigations, the Benedict method, much the easier of 
execution in large numbers, is quite as good as the method of 
Folin Extreme exactness m an estimation is to be sought only 
when the interpretation is directly proportional to the accuracy of 
the measurement of the variable, and when in the other conditions 
of the experiment there are no uncontrolled variables of larger mag- 
mtude than that of the analysis m question In a certain metabolic 
experiment the following values for the period of seven days were 
determined 


Total nitrogen, 82 6 grams If urea by Folin, about 

grams per cent per cent 


Urea-nitrogen 

72 8 = 88 1 

87 1 

Creatinine-nitrogen 

3 1= 3 7 

3 7 

Purine-nitrogen 

14= 17 

1 7 

Ammonia-nitrogen 

18= 21 

2 1 

Reat-nitrogen 

3 5= 42 

5 2 


The subject was in mtrogen balance The urea values were 
determined by the method of Benedict Had these figures for 
urea been determined by the method of Fohn, the percentage for 
urea-nitrogen would have been slightly lower than those in the 
table, probably one per cent lower, and the values for the rest- 
nitrogen would have been that much higher Can any one believe 
that the interpretation of the one set of figures would be anything 
but identical with the interpretation of the other set^ The two 
sets of figures have of course the same and identical value When 
the day comes on which a fluctation of one per cent of the total 
nitrogen (of an ordinary diet) between the urea-mtrogen and the 
rest-mtrogen has a meamng and can be used as a basis for a physio- 
logical or pathological interpretation, then the day will have come 
for the teleological employment of the more laborious but exact 
method of Folin instead of the rapid, easy and fairly accurate 
method of Benedict The new method of Benedict I have not yet 
tried From the descriptions, the increased accuracy will be paid 
for in time and attention There is no amount of time and atten- 
tion too great to devote to a method of analysis when the correct 
definition of the problem demands it, but there is no use in calcu- 
lating results to the third place m decimals when the interpreta- 
tion cannot go beyond the first place 



THE COMPOSITION OF INVERTASE 

By albert P IVLATHEWS T H. GLENN 

{From the Lahoralory of Bio-Chemialry and Pharmacology, the Umcersity 

of Chicago ) 

(Received lor publication, December 16, 1910 ) 

For a study of the chemical composition of ferments, mver- 
tase has many pomts of advantage over its near relative diastase 
Invertase acts by a smgle,simple reaction on a crystalhne substance, 
whereas diastase is most probably amixture of amylase, and possibly 
vanous dextnnases which by a senes of transformations produce 
maltose 

The best and most complete mvestigation of the nature of mver- 
tase IS that of O’Sulhvan and Tompson* m 1890 These observers 
took advantage of the fact that yeast, when allowed to stand, di- 
gests itself and changes m the course of two to six weeks to a brown- 
ish yellow hquid and an insoluble residue This bqmd, which 
changes its composition very httle even when kept for months, has 
a strong invertmg action and was used for their study of the prop- 
erties of invertase These authors discovered the fundamental 
facts of the enormous acceleration of the action of the ferment by 
a very nunute amount of acid and the stoppmg of its action and 
destruction of the ferment by alkali They deter min ed the tem- 
perature coefficient as about 2 for each 10 degrees of temperature 
up to 35° C and at less than 2 above this pomt, they, for the first 
time, showed how to measure accurately the strength of any pow- 
der called mvertase and thus found a method of estabhshmg the 
activitj of the substances isolated This enabled them to isolate 
mid study invertase They showed that themvertase mvertedcane 
sugar in such a way that the velocity of the mv ersion as measured 

^'*^**^‘*** Tompson Journal of the Chemical Society, Ivii, p 834, 

1890 I 1- > 
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by an equation of a reaction of the first older was proportional to 
the amount of ferment added, and that the disagreement of the 
observed inversion, as seen in the polariscope, from the computed 
rate was only apparent and not real and was due to the multnota- 
tion of the glucose By means of the addition of alliali this multi- 
rotation could be hastened and the real velocity of inversion 
directly measured in the polariscope A knowledge of O’Sullivan 
and Tompson’s paper would have saved the mistaken conclusions 
of Henri'- and other investigators, who did not allow for the mul- 
tirotation of the glucose, and hence concluded that the reaction 
of invertase on cane sugar did not follow the equation of the 
simple reaction of hydrochloric acid on this sugar Hudson- 
has recently repeated and confirmed a part of O’Sullivan and 
Thompson’s work and has extended it in some particulars 

O’Sullivan and Tompson attempted to purify the ferment by 
repeated precipitation by alcohol of 47 5 per cent and resolution 
of the ferment in water and dialyzing to remove the salts, mainly 
phosphates, which constituted nearly 30 per cent of the first raw 
product They found that the ferment lost strength with every pre- 
cipitation, and that when it was most pure it was easily destroyed 
by dialysis and precipitation with alcohol They found that 
when the salts were completely, or nearly completely, dialyzed 
out that the addition of alcohol would no longer flock the ferment, 
but produced a milky solution which would not precipitate To 
precipitate it they had to add some acid and when thus precipitated 
by alcohol and acid the precipitate was entirely inactive 

Their purest and most active preparation would not dialyze and 
was hence a colloid Its molecular weight was at least 1885 and 
probably higher It was strongly dextro-rotatory, [a j ] = + 50 56 
The most powerful preparation was of such power that an amount 
containmg one gram of orgamc matter when dissolved with 100 
grams cane sugar m 500 cc of water with optimum strength of 
sulphuric acid at 15 5° inverted 74 1 per cent of the cane sugar 
in 25 1 mmutes As a rule the preparations were a httle weaker 
and required 28-30 mmutes 74 1 per cent inversion yields a 

*■ Henri Lois gSnSrales de I’action des diastases, Pans, 1903, p 55 

* Hudson Journal of the American Chemical Society, xxx, p 1160, 1908, 
Ilnd , p 1564 
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mixture of cane sugar and invert sugar which is optically inactive 
(a = ± 0) This still contained 15 3 per cent ash consisting mostly 
of calcium and magnesium phosphates By dialysis they reduced 
the ash to 2 4 per cent and finally to 0 45 per cent without any 
reduction of the activity of the organic matter present and they 
concluded from this that the ash is not an essential part of the 
ferment They could not, however, recover this pure mvertase 
by precipitation for the reasons already cited It lost its activity 
on precipitation ivuth acid alcohol The ash-contaimng powder 
gave a strong hlillon and xanthoproteic reaction, but no biuret 
This powder (“B"). although very active, was not so active as 
before precipitation It analyzed, ash-free C, 46 5 , H 6 91 , N, 

6 2 per cent 

They studied the chemical composition of the mactive substances 
obtained by acid alcohol precipitation One of these products 
was insoluble in cold water and contained mtrogen They called 
it jeast albummoid It contamed C, 54 27, H, 7 54, N, 14 07 
per cent It gave a strong Millon, but no biuret reaction The 
inactive precipitates obtained by acid alcohol precipitation con- 
tained varying amounts of mtrogen A senes of bodies were thus 
obtained called mvertans They analyzed as follows 
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Yeast albiumnoid 

54 06 

7 33 

14 53 

Inactive 

a-In\ ertan 

4S 03 

6 65 

8 35 
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/S-Invertan 

46 41 

6 63 

3 69 

Active Invertase 

7-Inv ertan 

45 62 

6 55 

3 15 

Inactive 

3-In\ ertan 

46 50 

6 82 

2 43 


e-Ini ertan 

44 45 

6 36 

2 07 

« 

f-Invertan 

44 73 

6 40 

1 61 

if 

1 -Inv ertan 
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e-Invertan gave a large amount of a reducmg sugar on boihng 
^ath acid and we now know that this sugar is largely mannose 
Thej concluded that mvertase proper is a muon of yeast albu- 
nunoid and 7^^mertan, which is largely carbohydrate These 
substances are mactive alone 

These observers found, also, that the presence of cane sugar 
decidedly protects mvertase from the action of heat Thus with 
no sugar present the ferment was completely destroyed by heatmg 
to 55°, and 70 per cent destroyed when heated to 45°, but with 20 
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per cent of cane sugar present no destruction took place until 
60° was leached, at 65°, 12 per cent was destroyed, at 70°, 66 per 
cent, at 75°, 100 per cent They rightly interpret these facts as 
showing that the ferment combines mth the cane sugar A similar 
protective action toward invertase has been shown by Jodlbauer’ 
to exist also in the case of glucose, levulose, maltose, glycerin and 
other carbohydrates thus showing that invertase combines with a 
great many polyatomic alcohols and it possibly combines also wth 
ethyl alcohol 

O’Sullivan and Tompson’s conclusions, therefore, were thatinver- 
tase IS a compound of an albuminoid ivith a carbohydrate 

Salkowski^ m 1900 showed that invertase, as prepared from yeast, 
always contained yeast gum, or mannosan, which yields a large 
quantity of mannose on heating with acid This had been previ- 
ously discovered by Hessenland^ in the invertase from the sugar 
beet, which also yields a large quantity of d-mannose on heatmg 
with acid Salkowski concluded that this mannosan gum was pres 
ent only as an impurity in the invertase and that it was not part of 
the ferment O’Sullivan and Tompson’s 7 - and e-mvertan iiere 
undoubtedly, he thought, composed chiefly of this mannosan 
Salkowski'* was equally certain, since the invertase gave no pro- 
tein tests except a very weak tyrosin and xanthoproteic, that it 
was not a protein, whatever else it was He got an odor of pyrrol 
by heating in a tube a portion of his ferment His analysis of the 
invertase was C, 53 94, H, 8 56, N, 8 41 Since the yeast gum, 
or mannosan, yields C, 42 41, H, 6 43, this leaves for the nitrog- 
enous constituent, in one case, C, 59 99, H, 12 54, N, 16 8 b, 
and in another case, C, 56 40, H, 8 99, N, 10 15 We shall showthat 
there is no incompatibility of O’Sullivan and Tompson’s and 
Salkowski’s results 

Wroblewski® in 1901 studied invertase in Buchner’s press juice 
He found that invertase could not be salted out of the preparation 
by ammonium sulphate and it was not precipitated by acetic 

‘ Jodlbauer Biochemtsche Zeilschnft, 111, p 488, 1907 
‘Salkowski Zeitschriflfur phi/siologische Cheime, \\\i, p 305, 1900 
‘ Hessenland Zeilschnft des Vereins f die RUbemuckennd , xhi, p 671, 
1892 

* Salkowski Ibid , p 315 

‘Wroblewski Journal fur prakttsche Chemie.lxiv, p 1, 1901 
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acid It was not destroyed by trypsin It was destroyed by weak 
alkalies, its action was retarded by alkaline and hastened by acid 
phosphates By long action of water alone it was weakened Con- 
trary to O’Sulhvan and Tompson, he found that mvertase dial} zes, 
but with extreme slowness He concludes, although he offers no 
evidence for his conclusion except analogy with his results on diastase 
and earher work m which a small amount of mvertase was salted 
out and found to be protem,^ that mvertase is certainly a protem 
and must be related either to peptone or to a secondary albumose 
smce it is not salted out - He gives no figures by which the strength 
of his mvertase can be directly compared with that of other men, 
since he allowed the mvertase to act for an hour, m a very concen- 
trated solution at 37° C , by which time nearly all the cane sugar had 
been inverted and shght errors m readmg the polanscope would 
introduce an enormous error mto the computation of the velocity 
constant It is, however, certam that Wroblewski had a good 
strong mvertase He regarded the carbohydrate present to be an 
impurity and the ferment itself a protem 
Osborne* and Kolle* working imder Hufner’s direction prepared 
mvertase from yeast by first coagulatmg the protem by alcohol 
The alcohol was decanted off and chloroform water was added to 
the residue This was allowed to stand for slx days at 30° C -35° C 
The mixture was then filtered until the filtrate became clear The 
}ellowish solution was precipitated with alcohol, washed with 
absolute alcohol, and dried The preparation obtamed contamed 
from 31-40 per cent ash 

To remove the ash, Osborne tned several methods The most 
successful one was to dissolve the preparation obtamed by the abor e 
method in distilled water, add ammomum-magnesium mixture 
to precipitate the phosphates and to remove the excess of the reagent 
by dialysis By this method a preparation was obtamed which 
contained very little ash, but which still contamed 6 per cent of 
nitrogen He concluded that mvertase is a carbohydrate contam- 

* \S robtewaki Benchie d deuUch chsm Geselhchaft, xtn, p 1134, 1S93 

*}\robleft3ki states in one paper that mvertase was salted out b> ammo- 
nium sulphate and m the other that it was not 

* Osborne, W A ZeiUchnft fur physiolotjiache Chemie, xsviu p 399, 1S99 

* Kolle find , xxii, p 429, 1900 
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ting nitrogen and resembles chitin His preparation contained 
quite regularly about 44 69 C, 6 51 H, 6 10 N, and 1 7-8 per cent 
of ash The substance gave weak biuret, Millon, and xanthoproteic 
reactions From his results, however, it was not possible to decide 
whether the small amount of protein was the active principle or 
whether it was present as an impurity He gives no figures shomng 
the quantitative inverting power of his purified invertase The 
nature of the carbohydrate split off was investigated by Kolle, 
who obtained an invertase, using Osborne’s method, of the follow- 
ing composition, ash 3 96-10 86 per cent Computed ash-free 
C, 43 90-45 65, H, 6 45-7 34, N, 8 32-8 46 The activity is only 
given qualitatively This substance yielded mannose in large 
quantities Michaehs^ in 1907 showed that invertase was probably 
an electro-negative colloid, since it was precipitated by colloidal 
ferric hydrate and lead oxide, but not by kaolin or electro-negative 
colloids His conclusions, however, are not worth a great deal in 
our opimon since he used the very crude material made by rubbing 
yeast with chloroform and sand, and it is possible the ferric hydrate 
combined with some colloid and with the ferment too, all going 
down together Jodlbauer- has shown that invertase probably com- 
bines with d-glucose, levulose, mannose, d-galactose, lactose, and 
maltose, since these substances protect it from the destructive ac- 
tion of ultra-violet light 

In the following table we have recapitulated the results which 
have been obtained in the chemical examination of invertase 



c 

n 

N 

ASU 

Barth* 

44 44 

8 4 

5 95 

22 


/ 46 41 

6 63 

3 69 


O’Sullivan-Tompson 

\ 46 50 

6 91 

6 20t 


Osborne 

44 69 

6 51 

6 10 


Kolle 

43 9045 65 

6 45-7 34 

8 32-8 46 

4-10 

, f 

(1) 53 94 

8 56 

8 41 


Salkowski 

(2) 48 31 

8 58 

5 96 

— 


• Barth Ber d doutach ohem Gesellach , xl p 474, 1878 
t Analysis of precipitated powder, "B ” 


1 Michaehs Biochemische Zeitschrift, vu, p 488 1907 

^ Jodlbauer loc cit 
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From this review it is clear that no unanimity of opmion exists 
concerning the nature of invertase, it being regarded as a protein, 
a carbohydrate, a glucoside, and as something other than any of 
these 

1 METHOD 

Thirty pounds of commercial compressed yeast were placed m 
a number of flasks and sufficient water added to moisten it Toluol 
was added to prevent bacterial growth The flasks were allowed 
to stand for four weeks at room temperature Strong fermentation 
takes place and hquefaction At the end of this tune, a brownish 
hqmd has collected over a yellowish residue The dirty brownhquid 
(tyrosinase?) obtamed was filtered through coarse filter paper to 
remove all imdissolved particles The filtrate was then decolorized 
vath charcoal and filtered twice through infusorial earth m a Buch- 
ner funnel 

The filtrate was yellowish m color, but perfectly clear, readily 
inverted cane sugar, but gave a fairly strong Millon test and a famt 
biuret reaction Toluol was added to the solution and it was 
allowed to stand m the ice box over mght In the mormng tyrosm- 
like crj stals, givmg a MiUon reaction, had crystalhzed out These 
were removed and the hquid was placed m the cold at about 0° C 
for 12 hours The hquid became shghtly cloudy and a very small 
quantity of crystals, supposed to be tyrosm from the ^Millon test, 
formed on the bottom of the flask The solution was filtered while 
cold to remove tyrosm and agam filtered through infusonal earth 
in an Buchner funnel until perfectly clear The clear jellow 
filtrate was precipitated with 5 volumes of 95 per cent alcohol 
A. white fiocculent precipitate came down which gathered m balls 
and stuck to the sides of the beaker The alcohol was decanted 
off and the sticky mass was treated with distilled water The por- 
tion of the substance not easily dissolved (phosphates of calcium) 
was filtered off and the water extract agam precipitated with alco- 
hol The fiocculent, less stickj precipitate was agam dissolved m 
distilled water, the less soluble portion remov ed and agam precipi- 
tated with alcohol This process was repeated five tunes in all 
The substance obtamed from the fifth precipitate was filtered off, 
washed wath absolute alcohol, and dned m a vacuum desiccator 
The preparation obtained readily mv erted cane sugar, dissolved 
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of wWh wf some 
h were at first overlooked they were so faint The Millon 

and xanthoproteic were the strongest, but still faint unless a good 

deal of material was taken for the test The biuret test was at 

St recorded as negative A good Molisch test for carbohydrate 
was obtained, the preparation still contained much ash, mostly 
m the form of phosphates 

To remove the ash, Osborne’s method^ was resorted to The 
white substance was dissolved m a small amount of distilled water, 
ammomum magnesium mixture was added until no more substance 
was precipitated The precipitate was filtered off, suction being 
used, and the filtrate was placed m parchment sacks and allm\ed 
to lalyze in runmng water for five days The solution was pre- 
cipitated with four volumes of 95 per cent alcohol It precipitated 
very slowly It was washed with absolute alcohol and dried in a 
vacuum The preparation thus obtained was a snow-white amor- 
p ous powder, very active when a trace of acid was added to it 
The biuret test was at first recorded as negative, the very famt 
biuret test being overlooked Millon and xanthoproteic were ex- 
tremely faint The substance was thought to contain, therefore, 
no protein but a small tyrosin impurity Our first conclusion was 
that to which Salkowski had already come The powder dissolved 
readily m water to an opalescent solution slightly tinged with 
yellow in a strong solution It was insoluble in alcohol and ether 
It contained little ash and this was chiefly magnesium phosphate 
It did not reduce Fehling’s solution The analysis gave the follow- 
ing results 


0 2014 gram invertase burned gave 0024 gram ash = 11 per cent 
0 2789 gram invertase by Kjeldahl gave ammonia neutralizing 3 3 
cc £[3804 = 1 67 per cent N, ash free 
0 2693 gram invertase = 3 cc ^ HjSO* = 1 56 per cent N 
0 4061 gram invertase = 3 5 cc standard acid 1 cc = 002 gm N = 
1 74 per cent N 

Mean N = 1 66 per cent 

0 2097 gram boiled 3 hours with 2 per cent HCl gave by Munson and 
Walker’s method 0 2110 gram CusO = 0942 gram mannose = 
45 4 per cent carbohydrate computed ash free 
0 249 gram invertase heated 30 hours ith 2 per cent HCl gave 0 365S 
gram Cu2 0 = 1705 glucose = 70 per cent 
0 2638 gram invertase = 0 0026 gram ash = 0 98 per cent ash 


* Osborne loc cit 
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We thus obtained a preparation of invertase which was active 
and which contains less ash, i e , 1 0 per cent, and less nitrogen, 1 66 
per cent, than any active preparation yet obtained and consists of 
70 per cent of its weight of a reducing sugar The nitrogen is about 
one-fourth that of Osborne, about one-fifth that of KoUe, about 
one-fourth to one-fifth that of Salkowski, and about one-fourth 
that of O'Sulhvan and Tompsons' preparation ‘*B” and a little less 
than one-third their most active mvertase Our figures for ash and 
nitrogen are hke those given by O’Sulhvan and Tompson for their 
f-invertan,but their preparation was entirely mactive The almost 
total absence of aU albumm tests, except a faint MiUon, indicated 
that the ferment was not a protem and we at first concluded that 
the ferment was probably a carbohydrate, contauung some tyrosm 
as an impunty, agreemg m this respect with Salkowski As will 
be seen, later investigation changed this opmion 

2 ACTIVITY 

Having thus obtained an active mvertase consisting to the extent 
of at least 70 per cent of its weight of a mannosan or other gum 
andwitha very lowmtrogen and ash, the question arose whether our 
purified preparation was more or less active than those which had 
been obtained by others We have evidently eliminated m the 
course of preparation most of the mtrogenous-constituents of the 
ferment and correspondmgly mcreased the non-mtrogenous residue 
If the active pnnciple is the mtrogen-contaimng part, our prepara- 
tion should be decidedly less active than any similarly purified 
hitherto reported , if the active principle is the carbohydrate por- 
tion our preparation should be at least as active as that of others, 
providing other changes have not come m The actmtj of our 
preparation was measured by dissolvmg varying amounts of the 
dry powder m 10 cc of a 10 per cent cane sugar solution prenoiisly 
warmed to 35“ C and allowing the solution to stand one hour at 
35“ C At the end of that tune the solution was quickly heated to 
boiling and the invert sugar determmed b> the reduction of an 
equal quantiti of Fehling’s solution, the cuprous oxide filtered 
througli an asbestos Gooch crucible and neighed after washmg 
with alcohol and ether according to the method of Munson and 
M alker ‘ The results are given in Table I 

p Journal of the \mencan Chemical Society, xxvin. 
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EXP 


1 

2 

3 

4 

5 

6 
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TABLE I 

added Showin g activity of invertase on cane sugar 


10% CANE 
snavR 


cc 

10 

10 

10 

10 

10 

10 

10 


INVERTASE 


mg 

0 

0 5 

1 3 

2 6 
5 2 

13 0 
1 3 


TIME 


hours 

1 

1 

1 

1 

1 

1 

3 


TEMP 


35° C 
35° C 
35° C 
35° C 
35° C 
35° C 
35° C 


AMT OFCOlO 


mg 

0 

28 

100 

197 

328 

947 

250 


COItBESPOM)- 
INQ AMI or 
INTEBTSDOAB 


mg 

0 

12 5 
45 0 
90 6 
155 8 
468 0 
116 4 


Small quantities of weak acid accelerate the 
enzyme strongly as Table II shows 


activity of the 


TABLE II 


EXP 

10% CANE 
SUGAR 

ACETIC 
ACID 10% 

TIME 

TEMP 

INVBETASE 

CUjO 

COEBESPOSD* 
INO AMT or 
INVERT SDOAR 

1 

CC 

10 

CC 

0 2 

hours 

1 

35° C 

mg 

0 

mg 

0 

0 

2 

10 

0 2 

1 

35° C 

0 6 

38 89 

16 9 

3 

10 

0 2 

1 

35° C 

1 5 

160 0 

73 0 

4 

5 

10 

0 

1 

35° C 

0 6 

32 0 

14 3 



1 

35° C 

15 

112 0 

50 6 


To measure the activity of the ferment the constant K, ivas 
computed from these figures using the mono-moleculai formula 

Wt~ ^ ^ ^(Invertase) X Cfcane sugar) 

1.1 A — C (cane sugar at the start), A ~ x = cane sugar at time t 
^ ^ X (A~x) C(iav) = grams invertase m 100 cc 
of solution ^ — log = x 

By this formula If was computed when C (invertase) was ex- 
pressed m grams in 100 cc , and the slight reduction by the sucrose 
was disregarded 
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PER CENT IWERTASE 

i t 




1 mm 

I 


1 

003 

60 

0175 


2 

1 013 

60 

0256 


3 

026 

60 

02W 


4 

052 

60 

0236 


5 1 

013 

ISO ' 

0221 


6 

006 

60 

0174 


7 

015 

60 i 

0251 


8 

13 

60 

03S5 


0 

015 

60 

0366 •! 

’ with 
^ acid 


Mean K, omitting 1, 6, 8 and 9, as 0244 


It will be Seen that a fair constant is obtained if we disregard the 
figures where only 0 5 — 06 mg of mvertase were used in which 
errors of weighing are relatively large, and No 8 where too much 
cuprous oxide was found The first figures are probably m error, 
for the last the computation of the amount of glucose was uncertain 
as the cuprous oxide obtained was twice that of the highest figures 
given m hlunson and Walker’s table, and the correspondmg amount 
of invert sugar was uncertain 

To compare the activitj of this mvertase with the crude product 
of Osborne smce he gives no figures for his purified product, we 
have computed K from his results (p 410) m winch he inverted 
cane sugar at the same temperature A 0 091 per cent solution of 
his crude product A inverted 86 2 per cent of the cane sugar m 
30 minutes Hence 

001 X 30 ~I3S “ 

K = 0 3107 for preparation 

0 -J950 for B, and 0 0S13 for preparation C 

His crude products, therefore, were much more powerful than our 
pure product although his method of deterimnmg the inversion, 
t e , bj titration of small quantities vvnth Fehlmg’s solution until 
no color remains is of course quite inaccurate His pure prepara- 
hons IV ere probablj less active than these crude ones, although 
e gives no quantitative data concermng them As his prepara- 
tion B Is much more active even than those of O'Sullivan and 
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Tompson and Ins method of determimng the amount of invert 
sugar IS inaccurate, a very small error m the Tehlmg titration cans 
mg a great change in the constant, not much weight can be laid 
upon these results We may, therefore, throw out the result 
of preparation B as probably an error We then have left prepara- 
tion A, which IS thus about twelve times as powerful as our figures, 
and preparation C which is about three tunes 
Our preparation was, however, shghtly alkaline while his was 
shghtly acid and the comparisons to be correct should be made 
only at the optimum acidity Table II shows in experiment 9 
the effect of an addition of acetic acid to our preparation In 
this case K increased to 0 0366 Unfortunately we did not carrj 
out any experiments upon the effects of small amounts of acid 
except those mentioned imtil nearly a year had passed ^ The 
invertase preparation had stood as a dry powder in a vial protected 
from hght during this time According to O'Sullivan and Tomp- 
son it should lose some of its activity under these conditions We 
nevertheless took this preparation and added small amounts of 
hydrochloric acid to it to get the velocity in an optimum concen- 
tration of acid, but we unfortunately used up the small amount of 
material at that time in our hands before we reached the optimum 
concentration of acid, although we were probably not far from it 
judging from O'Sullivan and Tompson's and Hudson's figures and 
our later results Table III gives the results we obtained at 20 5 
From the value of K in Table III it is seen that the addition of 
hydrochloric acid suflficient to make the solution 0003 n, more 
than trebles the rate of inversion and that 0 0001 N hydrochloric 
acid more than doubles it If the temperature coefficient of the 
reaction is only 2 for each 10 degrees as shown by O'Sullivan and 
Tompson, the velocity of inversion of IV at 35° would be Ka' 
= 0 0839 

Our preparation, therefore, is certainly, as active as Osborne s 
weaker one C and about one-fourth to one-third as active as his 
crude product A 

The comparison of our preparation with O’Sullivan and 
Tompson is more satisfactory since they used all precautions 

1 This was owing to the fact that the work was begun by Mr Glenn at my 
suggestion, and continued by we after the lapse of a year A P M 
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TABLE HL 



X 

n 

III 

rv 

Concentration HCI 

0 

OOOlJ, 

0002v 

i 0003V 

Concentration cane 





sugar 

! 3% 

5% 

! 5 % 

1 5% 

Concentration mvertase 

, 025% 

j 025% 

025% 

! 025% 

Heading at start 2 dm 

1 



1 

tube 20 5° 

6 92“ 

6 92“ 

6 92“ 

! 6 92“ 

Reading after 30 mm-| 





utea. 

6 87“ 

6 70“ 



Readi ng af ter 35 mm utes, 

I 

1 

6 60 

6 43 

Reading after 1 hour 





and addition af 



1 


NajCOj 

6 66® 

6 36“ 

6 22“ 

6 05“ 

K = 

00844 

0 018 

0 0233 

0 02S9 


X 

per cent invert X t 



= 0S39 


to secure an optimum acidity In their case, 74 1 per cent of the 
cane sugar was transformed m 26 mmutes at 15 5® by the most 
active preparation, or m an average of 30 mmutes by the slightly 
less active Computiag K from their figures of the concentration 
of the orgamc matter of the majonty of their preparations, we have 

”2 X 30' - 259 - = S K= 0978 

at 15 0 ° or 0 1467 at 20 5° or 0 3912 at 35° Their mvertase is, 
therefore, from four to five times as powerful as ours 
The foregomg comparison shows then that our preparation was 
decidedlj lower m its fermentative power than either 0 ’Sullivan 
and Tompson’s or Osborne’s crude substance It was clear, there- 
fore, that with the purification of our preparation, a process which 
presumably had reduced the mtrogen, had also resulted in a loss 
of actmty This led us to change our opinion that the active prm- 
ciple was the carbohj drate part of the molecule and the mtrogen 
was m a tj-rosm impuntj , and we concluded it to be more probable 
that the actne principle, whatever its nature, was m the nitrogen 
part of the molecule 
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3 DOES INVERTASE GIVE THE PROTEIN REACTIONS? 

Having obtained the result that our preparation was not only 
poor in nitrogen, but also equally poor in its activity, we turned 
back and examined the invertase with great care to see if active 
preparations could be obtained which did not give the biuret test 
All of our preparations and those reported by others had given a 
faint but positive Millon and xanthoproteic reactions Several 
preparations have been examined containing 1 5-1 6 per cent of 
nitrogen and of the same activity as our first preparation, which we 
thought was biuret free We found that if a considerable amount 
of the powder was taken, a dilute solution of copper sulphate used 
and the preparation not heated, but allowed to stand for from 24-72 
hours at room temperature, that always the blue precipitate of the 
copper-gum compound took on a faint lilac, which could be detected 
by comparison with the similar precipitate of the purified nitrogen- 
free gum Since the solution does not contain the lilac colored sub- 
stance but the color is on the precipitate, the color is concealed and 
will be overlooked if the preparation is boiled or if it is not allowed 
to stand for several hours or even days We have never found any 
preparation winch failed in giving a very faint biuret if examined in 
this way, as long as it remained active and all preparations give posi- 
tive Millon and xanthoproteic reactions Since the test is so 
easily overlooked, we are of the opimon that preparations reported 
as biuret free, but Millon positive, including our own early pre- 
parations, would probably give the biuret reaction if the test is 
carefully made in this manner The biuret test is also less delicate 
than the Millon, as it is ordinarily performed The sulphur test 
with lead acetate was always negative The Adamkiewicz reac- 
tion either with glyoxyhc acid or glacial acetic never gave a posi- 
tive test that we could be sure of Sometimes it seemed m strong 
solutions as if a very faint and evanescent violet appeared for a 
moment, but we are not sure of it 

We conclude then, that all active preparations give the characteristic 
protein tests, i e , biuret, Millon, and xanthoproteic, and that all of 
them contain a protein residue This confirms Wroblewski’s* view. 

* Wroblewski Benchte d deulsch chem Gesellschaft, xx\i, p 1134, 1898 
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Fraenkel and Hamburgh have reported that they have a diastase 
which gives no protein tests other than at times a weak Millon 
reaction In vievr of the facts above stated, the positive observa- 
tions of Osborne^ and Wroblewski® showing diastase to be a 
protein and the remarkable resemblance between, diastase and mver- 
tase, we consider it possible that they may have overlooked the 
faint biuret reaction, and their diastase may not have been protem- 
free 

The mtrogen-containmg substance m the mvertase is hence 
a protein, but more eomplev probably than the figures obtained 
by O’Sulhvan and Tompson for yeast albuminoid would mdicate 
They thought their yeast albuminoid had a molecular weight of 
about 190, and a formula correspondmg to an amino-tjTiosm 

4 A FUBTHEB COMPAEISON OP THE NITBOGEH COKTEST AMD 

ACTIVITY 

We next examined carefully the relation between mtrogen con- 
tent and activity and the influence of precipitation by alcohol 
Several lots of self-digested yeast have been examined m this 
way The method of preparation was essentially that used at 
first except that the precipitation by ammomum-magnesmm 
phosphate was omitted 

(a) The original fiUraie 

Five cc of the crude but clear and colorless ongmal filtrate 
dned on the water bath and then at 1 10° for 1 hour contained 0 5157 
gram of sohds, which consisted of 0 4491 gram of otgamc solids 
and 0 0666 gram of ash The sohds, therefore, contamed a httle 
less than 13 percent of ash By Kjeldahl determination the orgamc 
matter gav e 0 0447 gram N or 9 95 per cent The activity was 
measured by adding 5 cc to 100 cc 10 per cent cane sugar contam- 
ing 0 6 cc -re HaSO<, which gave the optimum acidity At 20° K — 
0 00523 computed on the orgamc matter present Two other lots 

‘ Fraenkel and Hamburg Hofmeistcr’s Beitrdge iur chem Phnsiolame 
\m,p 3Sa, 1006 ^ ’ 

’Oaborao, T B Journal of the Amencan Chemical Sociely xvii p 5S7 
blS96 Benchled deutschen chem CeselUchaft, xxxi’, 

^ Wroble^aki Bcr d deutsch. chsTJt Gcsellsch , xxxi, p I12S IS9S 
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gave essentially the same result By Kjeldahl detemunatiou the 
N m the crude organic matter was 9 75 and 9 44 per cent and the 
constant was K (20°) = 0 00618 and 0 00689 

The crude filtrate -with the activity just stated was precipitated 
by adding alcohol to 50 per cent by weight The precipitated gum 
was washed by successive portions of 60 per cent, 70 per cent, 95 
per cent and absolute alcohol and ether, the greyish white gum 
transferred to watch glasses and dried over calcium chloride m 
vacuum desiccators frequently pumped out for several days to 
get rid of ether and alcohol 

The gum thus purified was powdered, dried at 105° to approxi- 
mately constant weight for 4 hours and its water content, ash and 
nitrogen determined The activity of the unheated gum was also 
measured The two gum preparations from different lots of yeast 
analyzed above now contained respectively 4 08 per cent N and 
5 00 per cent N and activitiesir 20 “= 0 02843 and Kjo‘=0 0215 com- 
puted on the organic matter By this first precipitation, therefore, 
we had reduced the mtrogenous impurities The mtrogen fell 
from 9 5 to 4 5 per cent in the average and the activity rose from 
0 0065 to 0 025 on the average The first precipitation evidently 
gave a partial purification The powder still gave the protein 
tests, but less intense than before 
By re-solution, filtering from the undissolved phosphates and 
reprecipitation with alcohol, using where necessary a small amount 
of calcium chloride to flock the precipitate, two white powders were 
obtained, one, IV B (1) and the other, IV A (3) Preparation IV B 
(1) resembled in all particulars our earlier preparation The organic 
matter contained 1 55 per cent N It had still 2 19 per cent ash 
Its optimum activity at 24° C was K = 0 0435 It still gave the 
biuret with very great faintness The other preparation IV A (3) 
was a similar white powder contaimng 2 per cent ash The organic 
matter had 2 21 per cent mtrogen and its activity at 24° was K = 
0 057 This preparation was the most active we have had 
We have, then, reduced the nitrogen content and increased the 
activity at the same time Preparation IV A (3) contains one- 
third as much nitrogen as O’Sullivan and Tompson’s powder B, 
obtained in a manner similar to ours, of which the activity is not 
quantitatively given It contained six-tenths as much nitrogen 
as their preparations E and G, 45 per cent of their D and F Our 
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preparation at 15 5° should have an activity of about K = 0 03, 
whereas O’Sulhvan and Tompson's K was about 0 09 at that tem- 
perature Any furcher reduction below 2 2 per cent has resulted 
in lowermg the activity 

(a)N = 2 2perceiit,X2,- =0 057 (6) N = 1 55 per cent, K 24 * =0 043, 
(c) N = 3 69 per cent, Ku ,• = 0 09 (O’Sulhvan and Tompson) d-N = 

4 94 per cent Kn 5 - = 0 0S9 (O’Sulbvan and Tompson) 

If the preparation contaimng 1 55 mtrogenwasagamprecipitated 
by alcohol to which a httle sulphuric acid had been added to make 
it flock vanous precipitates were obtamed rangmg from 0 3 per 
cent to 1 per cent mtrogen and all of them very mactive The 
smaller the mtrogen content became, the smaller was the activity, 
so that when the gum was reached with only 0 3 per cent nitrogen 
it was almost completely inactive On the other hand gums con- 
taimng still 1 per cent of mtrogen were very much less active than 
one would expect if the activity went strictly proportional to the 
mtrogen It is necessary to assume if the active prmciple is the 
mtrogen-contaimng substance that m these cases not only did 
the gum lose its mtrogen-contammg substance but the ferment 
present was less active than before 
By precipitation with acid alcohol a portion richer m mtrogen 
remains behmd in solution while a substance poorer m mtrogen is 
precipitated 

(6) The action of alcohol 

Seven-tenths of a gram of the preparation IV B (1) contaimng 
1 52 per cent mtrogen and an activity of 0 0435 at 24° was dis- 
solved in 50 cc of water, filtered from the very small flocculent res- 
idue of phosphates, and precipitated by 60 percent alcohol to which 
a few drops of sulphuric acid were added to make the precipitate 
flock The precipitate weighed when dried at 100°-105°, 0 4725 
gram and contained 0 00427 gram mtrogen or about 0 9 per cent 
The activity was very greatly reduced In a second experunent 2 
grams of the same powder, not filtered from the insoluble residue, 
w ere dissoh ed in 50 cc of w ater and precipitated by the addition of 
70 cc of absolute alcohol A white milky solution and a gummy 
precipitate were obtained The milkj fluid was poured off after 
10 minutes and evaporated m a glass dish wherebj it precipitated 
on the side of the dish On evaporation to drjmess the residue was 
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brownish in color with a strong smell of peptone (pyrrol) or amino- 
acid residues 0 7372 gram yielded 0 1296 gram N or 1 77 per 
cent The alcohol precipitate weighed something over 0 8 gram 
0 7990 gram was taken for analysis after drying at 100“ for four 
hours, 0 0907 gramN was obtained or 1 13 per cent The pre- 
cipitate had lost most of its activity 

This experiment shows that further purification by alcohol 
after the nitrogen has reached 2 2 per cent throws down a precipi- 
tate with about one-third to two-thirds the mtrogen content of the 
original and with very little inverting power The portion left m 
the solution contained more nitrogen, but appeared to be not ver} 
active, although accurate determinations of its activity were not 
made The alcohol apparently destroys the activity of the ferment 

We then tried to see if boiling would destroy the ferment and 
free the gum from its mtrogen at the same time 0 7 of a gram 
of the preparation IV B 1 contaimng 1 55 per cent N was dis- 
solved in 50 cc H2O and 1 cc ^ H2SO4 added and boiled two min- 
utes (some residue undissolved) After two minutes 1 cc of this 
solution was added to 5 cc of sugar solution A slow inversion 
took place, which seemed more active than the acid alone would 
cause although no quantitative test was made, showing the fer- 
ment was not entirely destroyed The solution of boiled mvertase 
was cooled and precipitated by 60 per cent alcohol, the gum 
washed with absolute alcohol, dried in vacuum, and then at 105 
for two and a half hours Of the precipitate 0 4381 gram yielded 
0 00428 gram N or 0 98 per cent The ferment has, therefore, lost 
its activity, and diminished in mtrogen, but not to a greater 
amount than by alcohol precipitation alone 

5 THE NATUBB OP THE NITKOGBN-CONTAINING SUBSTANCE 

Since O’Sullivan and Tompson ascribe to their albuminoid 
a formula of molecular weight about 190 and percentage com- 
position corresponding closely to an amino-tyrosin, and since 
the ferment gave a weak tyrosm and xanthoproteic reaction, 
it was at first thought that all the mtrogen might be in the tyrosm 
or phenylalamne group The attempt was then made to determine 
the amount of tyrosm m the molecule by measuring it colori- 
metrically by the Duboscq colorimeter Two preparations were 
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taken, one containing 1 55 per cent nitrogen and fairh^ acti\e, 
the other contained 0 98 per cent nitrogen and n as almost inactive 
About 0 5 gram of the substance, dried for seieral weeks over cal- 
cium chloride and finally dried m the hot air oven at 103° for three 
hours, was dissolved m 25 cc of 13 per cent mtnc acid heated to 
boding and the solution after coolmg made shghtly alkalmewith 
strong ammoma, and made to exactly 100 cc m each case The 
solutions thus prepared were compared with standard solutions 
made m the same way from weighed amounts of pure tyrosm 
prepared from horn The determinations were uniform and it 
was found possible to determine tyrosm (or phenylalamne) m this 
manner very easily and qmckly and with a good deal of accuracy when 
a solution of known strength was compared with another, unknown, 
of about the same strength In this way the 1 55 per cent N enzj'me 
was found to contam 0 34 per centof tjTosm or phenylalamne The 
0 98 per cent N enzyme contained only 0 20 per cent tyrosm If 
the protein contains 16 per cent N and its amount is 6 25 X N 
grains, this would give m the one case 3 4 per cent tjTosm and 3 3 
per cent m the other The protem contains, therefore, at most 
about 3 5 per cent of aromatic radicles Tjwosm and phenylalamne 
make, therefore, but a small part of its molecule 

6 FURTHEK OBSERVATIONS ON THE COiTPOSITTON OF THE GUM- 
FERilENT COirPOtTN-D 

It 13 clear that what we and others have considered as inver- 
tase IS a compound, or mixture, of a gum, and a protein and pos- 
sibly some other substances TTe have endeavored to deter- 
mine whether this is all there is in the ferment or whether there 
are also other components, some of which might be active 

Salkowski* determined the gum in such a mixture bj precipi- 
tating wnth Fehling’s solution and, after freemg from copper, deter- 
mining the gum by direct weighing The two determmations did 
not agree very well By one he got 53 47 per cent of the invertase 
as gum, and in the other 65 per cent This would leav e for the re- 
mainder of his preparation in one case a substance with 10 per cent 
of nitrogen and in the other 16 per cent or nitrogen, smce his ongi- 

‘Salkon-fiki ZctUchnfl fur physiologische Chemie, xsxi, -p 305,1900 
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nal preparations contained 8 per cent and 6 per cent of nitrogen 
This would give in one case 65 per cent of gum and 35 per cent of 
protein, but in the other case there is a considerable deficit not 
accounted for Salkowski considered the gum to be present as an 
impurity and not in combination with the ferment 
We made several determinations of the sugar obtained from the 
ferment by inversion with hydrochloric and sulphuric acids The 
sugar IS mainly marmose, but probably also m part glucose Since 
mannose and glucose have almost identical reducing powers ne 
have used Munson and Walker’s ^ tables for glucose m computing 
the sugar from the cuprous oxide To get complete inversion it is 
necessary to boil for thirty hours in ^ sulphuric acid 
A gum (XI, which contained 0 90 per cent of nitrogen by Kjel- 
dahl, was dried two weeks tn vacuo over sulphuric acid 0 0530 
gram was dissolved in 50 cc of xv sulphuric acid and boiled under 
a reflux condenser gently for 36 hours At the end of that time it 
was neutralized with strong sochum hydrate and treated with 
Fehhng’s solution according to Munson and Walker The cuprous 
oxide weighed 0 0517 mg which corresponds to 22 1 mg of glu- 
cose Since only half was taken for analysis this would give 14 2 
mg all told or 83 4 per cent of the weight of the gum Since the 
gum contained 0 9 per cent of mtrogen, multiplying by 6 25 would 
give 5 62 per cent of protein The gum contained 1 34 per cent of 
ash If the gum has a molecular weight of about 1880 as O’Sulli- 
van and Thompson thought, and we accordingly eliminate the 
value of 9 molecules of water, between each pair of glucose mole- 
cules, the glucose would account for only 76 per cent of the original 
gum molecule, leaving a deficit of about 17 per cent of the weight 
unaccounted for 

Another sample gave very similar results, i e , glucose 83 per 
cent, mtrogen, 0 92 per cent, ash 2 per cent Another sample 
contaimng 1 40 per cent mtrogen yielded only 76 per cent of its 
weight as glucose It is possible that some water was still present 
in the gums since it was found impossible to dry the gums to con- 
stant weight without prolonged heating and without some brown- 
ing We felt no certainty that the water thus lost was not being 
set free by a slow decomposition of the gum We have, therefore, 

^ Munson and Walker Journal of the American Chemical Socxely, xxvin, 
p 663, 1906 
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preferred to use the aualyses made with preparations after standmg 
171 vacuo at room temperature over sulphunc acid or calcium 
chloride for several weeks In any case it is clear that assummg 
the mtrogen to he present as a protem, the reducmg sugar accounts 
for about 76 per cent only of the weight of the gum Even with a 
gum containmg about 0 3 per cent of mtrogen, we obtamed only 
about 77 per cent of the weight of the gum as glucose We have 
thus a deficit of between 10 and 15 per cent of the weight of the 
invertase unaccounted for We thought possibly some orgamc 
acid might be formed by hydrolysis, but eigienment proved other- 
wise Little acid was produced by forty-eight hours heatmg with 
25 cc of ^ sulphuric acid 1 0195 grams of mvertase At the end it 
took 26 05 cc of ^ sodium hydro-ade to neutralize the acid to a 
a famt pink with phenol-phthalem The shght mcrease in acidity 
would be accounted for by the slight amount of phosphonc acid 
present 

We thought alcohol used m precipitatmg might be either 
absorbed or combined As a matter of fact a gum preparation 
dried for two months over calcium chlonde in vacuo, gave, when 
hydrolyzed with ^ sulphunc acid and distilled, a small amount of 
iodoform, but the amount was unimportant 
We are unable then, to account for from 10-15 per cent of the 
invertase in the recognizable products A part of this may be 
included water, but we do not thmk all of it is It is, however, 
noteworthy that the inactive almost mtrogen-freegum gives almost 
as large a deficit as the active mtrogen-ncher mvertases It seems 
probable, therefore, either that the method of analysis by hydroly- 
sis and computation of the reducmg sugar as glucose is not satis- 
factory, or else that there are some constituents of the gum, 
possibly mamute or other alcohols, which do not reduce Fehhng’s 
solution All conclusions regardmg the nature of mvertase are 
rendered uncertain until this deficit is accounted for 
All attempts to split off or separate the actn e pnnciple from the 
gum were failures, although Wroblewski states that he obtamed a 
small quantity free from carbohydrate This preparation was 
protein in nature and very active 

We attempted by precipitation with acid alcohol m the 
presence of a great deal of glucose to free the active pnnciple from 
the gum This attempt was unsuccessful, the ferment can only 



50 


Composition of Invertase 


be precipitated by very large quantities of alcohol under these con- 
It isTrurh action possibly by uniting with it 

alcohol ' + glucose preserves it somewhat from the 

alcohol action, but the precipitates always contamed some gum 

Acids appear to split it off from the gum, but destroy its activity 
Acetone used as a precipitant gave an active precipitate which 
always contained the gum The attempt to separate it electro- 
y ically was also a failure The gum is not digested by diatase 


GENERAL CONCLUSIONS 

The facts presented in this paper, showing that the purest prep- 
ara ions of invertase still continue to give a faint biuret and a 
stronger Millon and xanthoproteic reaction as long as the ferment 
remains active and that there is a rough parallehsm between 
mtrogen content and activity after the gum is fairly pure, certainly 
suggest that the essential part of the ferment is a protein, although, 
in view of the fact that 10-15 per cent of the molecule remains 
unaccounted for either as mannose or protein and that the pre- 
liminary purification reduces mtrogen and increases the activity, 
this conclusion must be regarded as tentative Our purest and 
most active preparation contained one-third as much nitrogen as 
O'Sullivan and Thompson's powder “B," prepared in a sunilar 
manner They state that this was very active, but do not give 
quantitative data Our preparation was one-third as active as 
their ordinary preparations which were not precipitated and 
obtained as powders, but were kept in solution The organic 
matter in their solutions contained 3 69-4 94 per cent of nitro- 
gen In our invertase, we had between one-half and two-thirds 
the nitrogen, but only about one-third the activity of their 
preparations They state, however, that invertase, when pre- 
cipitated by alcohol and dried as we prepared ours, lost some of 
its activity Our next most active preparation contained 1 55 
per cent nitrogen and was correspondingly less active Further- 
more, further precipitation by alcohol yields products poor in 
nitrogen and weaker, so that finally gums are obtained almost 
free from nitrogen and entirely inactive 
This parallelism between activity and nitrogen content, while 
it IS not complete, nevertheless indicates that the active principle 
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IS a protein, possibly of an albumose or peptone nature, as Wro- 
blewski thinks 

This general conclusion is on the whole supported by the known 
facts concerning the closely similar ferment diastase Most obser- 
vers have found it impossible to throw down the active prmciple 
of mvertase without a great deal of carbohydrate gum with it,* 
but in diastase both Osborne^ and Wroblewski* got the active 
prmciple free from carbohydrate and found it to be of a protem 
nature although they are not agreed as to the nature of the protem 
Diastase appears to exist ordmanly m combination with a pentose 
gum 

While other mterpretations are not defimtely excluded until the 
other 10-15 per cent of the gum-mvertase is accounted for, we 
suggest the foUowmg mterpretation as that which explains nearly 
if not all facts regardmg these two ferments and harmomzes the 
apparently contradictory results of vanous mvestigators 
What we ordmanly call an enzyme such as mvertase, diastase, 
pepsin, etc , is a combmation of a colloid with an active prmciple 
The active prmciple is the enzyme itself and should of course be 
called the enzyme, but it has happened that the substances iso- 
lated as enzymes have been generally the combmation of this active 
prmciple with the inert substance, colloidal m nature 
The colloidal part of the molecule which is mert might with 
propriety be called the zymophore or ferment bearer, smce m cells 
most of the enzymes are probably thus umted or borne, but as this 
word has been used by Ehrlich to designate the active prmciple 
itself, ue may call the colloid simply the earner or bearer, and the 
active prmciple, the enzyme or kinase 

The nature of the carrier v anes with the different enzjmes, but 
so far as the evidence permits a conclusion it appears generally to 
be related chemicallj to the substance (substrat) upon which the 
enzjme acts Thus for carbohydrate enzjmes the earner is almost 

* Wroblewski states that m mvertase obtained from Merck he got a small 
amount of mvertase precipitated by ammonium sulphate, carbohjdrate- 
free a protein and verj active 

' Osborne, T B Journal of the imcncan Chemical Society, xvii, p 5S7 
1S05, Ibid , xviii, p 1, 1S06 Bertchle d deutschen chem Geselhchafl -rm ' 
p 2M, ISOO •' ’ ’ 

’ \\ robleiv ski Benchted d chem Gesclhchajt, xsxi, p 112S, 1S93 
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certainly a carbohydrate colloid In the case of invertase it is a 
mannosan gum, in the case of diastase it is an arabosan gum TVith 
pepsin and trypsin we should expect the carrier to be a protein and 
all observers agree that these ferments are protein in character 
In the case of lipase, the carrier would on the basis of this reasoning 
be expected to be an ester not easily spht by lipase, possibly a choles- 
terin ester The difference between the carrier and the substrat is 
that the carrier is generally colloidal and the combination of the 
enzyme or kinase and carrier is stable whereas the substrat- 
enzyme compound is unstable The fact that the active prmciple 
of invertase umtes with all sorts of carbohydrates or polyatomic 
alcohols indicates that substances of this class may easily act as its 
receptor, to use Ehrlich’s word, in the cell The carrier then is 
generally of the nature of the substrat and it is this similarity which 
has given rise to the opimon that enzymes are chemically related 
to the substrats The carrier part of their molecules appear to be 
generally so related 

The nature of the active principle is less certam, but in the case of 
invertase and diastase it is probably a protein Whether it is an 
albumose or peptone or coagulable albumin can not be said, 
although its resistance to alcohol precipitation, would appear to 
relate it to the peptones 

The combination of carrier and enzyme may be assumed to 
dissociate ordinarily very little, the enzyme carrier compound is 
stable and, as long as the enzyme is combined, inert The dissocia- 
tion IS, however, greatly increased by acids m the case of invertase 
and by alkalies in some other cases, and the enzyme thus set 
partly or entirely free from the carrier, becomes capable of uniting 
with the appropriate substrat and bringing about its decomposi- 
tion We thus have an explanation of at least a part of the action 
of acids and alkalies in hastemng or retarding the enzymatic reac- 
tions The enzyme-carrier compound is probably what is ordinarily 
called a zymogen In the free condition, however, the enzyme, 
which would probably then be extremely reactive, would be also 
very much less stable and easily decomposed by heat or light and 
easily enter into permanent stable umon with other substances, 
such as alcohols, which would thus destroy its activity 

In the cell the various enzymes thus combined with the colloidal 
carriers of the cell and thus built into its structure may be moved 
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^bout or accumulated m particular regions m an mert form, from 
which shght local changes m acidity set them free to produce their 
characteristic action at that particular pomt ^ 

This picture agrees m all essential points with Wroblewski s* 
mterpretation of the way enzymes are locked up m cells® and 
called mto activity by shght changes of acidity, only it clears up at 
once the seenung mconsistencies of the work of O’SuUivan and 
Tompson, Salkowski, Wroblewski, Osborne, and other observers, 
some of whom have regarded the enzyme as protem, others as 
carbohydrate and others as a umon of a protem and carbohydrate. 

That the foregomg conception closely approximates Ehrhch’s 
general view is perfectly evident In this ferment the mannosan 
gum or earner is the cell receptor, the enz3mie becomes the active 
side cham or zymophore or toxophore group It is clear that any 
carbohydrate group might act as a receptor for this mvertmg en- 
zyme, only if it happens to be marmosan, with which the ferment 
comesin contact it enters mto a firm compound, mert toward others 
If, on the other hand, the receptor is cane sugar, it will be at once 
broken up by the active prmciple 
O’Sulhvan and Tompson beheved that only when enzyme and 
carbohydrate earner were muted were they active Osborne has 
made a similar suggestion that active diastase is a muon of an albu- 
mose and a coagulable protem Salkowski, on the other hand, 
thought the gum m mvertase was only present as an impunty 
and not umted with the ferment, and Wroblewski also thought that 
this was the case for mvertase and that the pentose gum m diastase 
was only an impurity There are several facts which seem to us 
to count strongly against the view that the gum is present entirely 
as an impurity, although we adnut that some of the gum may be 
present uncombined with ferment and it is possible to sphtthe 
gum from the ferment 


‘ Nucleic acid maj from this point of view be simply the earner of some 
important ferment Possibly protamine or histone is the enzyme There 
arc facts which would be easy to interpret on the basis that the cell chromo- 
somes ate such inactive compounds, the nucleic acid being the earner and 
\anous actue pnnciples umting with it 
’Vtroblewski Journal Jur praUtsche Chemie,\\i\, p 1, 1901 
« Vernon Erscbnisse der Physiologic, ix, 1910, “Intrazellulare Enzjme,” 

p has made a similar suggestion for protcoI> tic endoenzi-mes 
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That the gum is probably both m diastase and invertase present 
as a compound with the enzyme is strongly indicated by the fact 
that both these enzymes are particularly noteworthy for their 
power of combining with a great variety of carbohydrates It 
would be strange if just towaid the caibohydrate ordinarily accom- 
panying it, the ferment should show an inertness and lack of com- 
bmingpower Another strong i eason for supposingthattheferment 
and the gum are m combination is the fact that these gums are 
peculiar and are found associated with the feiment even m mdelj 
different cells Foi example, the mannose gum isfound m invertase 
from beets as well as invertase fi om yeast Whether it occurs also 
in the invertase of the mammalian intestine is less certain, but it 
must be remembered that a gum of some sort can be isolated from 
the intestinal mucosa We find a pentose gum associated with 
diastase from malt and diastase from Aspergillus, a mold Whether 
panel eatic diastase contains a pentose gum is not certain, but it 
IS certain that from the pancreas where diastase is, a considerable 
quantity of pentose is formed b3 hydi olj^sis It is supposed at pres- 
ent that this comes from the nuclein of the pancieas, but it may 
also come from the diastase pi esent A pentose is also found in the 
liver, where again a diastase exists Wliether saliva contains a pen- 
tose IS still uncertain It seems to us improbable that the ferments 
from such widely different animal and plant cells should always con- 
tain these same gums, ivere they only present as impurities In- 
deed this fact led us at fii st to suppose that the ferment must be the 
gum The accelerating action of acids and the contradictory 
results of Wroblewski, Fiaenkel and Hambuig and Osborne on dias- 
tase, aie easier to understand on the hypothesis that the ferment 
IS moie active when split oft from the gum or other earner than 
when united with it, and that acids set it fiee 

Further woik on this subject is in progiess and other possibilities 
must be excluded before the view of the enzyme and earner form- 
ing the zy'mogen, sketched above, can be definitely accepted, how- 
ever attractive it mav appear 

Theie still remains the possibility that the ferment action is 
independent of the nitrogen-containing group, but ordinarily 
associated with it We are at present making the endeaior to 
duplicate Wioblewski's ivork on diastase and invertase and get the 
nitrogen-containing principle free from the gum and still active 
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Could this be done it would go far toward settling the matter 
Everything mdicates, however, that the free ferment here as mthe 
case of pepsin is unstable and its isolation will be a difficult matter 

SUMMAET 


1 Invertasehas been prepared from yeast by O’Sulhvanand 
Tompson’s method of self-digestion and precipitation with alcohol 
The mvertase so prepared contains when most active about 1 per 
cent of ash, mainly phosphates, 2 2 per cent of mtrogen, and had 
an activity of K = 0 057 at at'’ and m optimum acidity, where 


Z = 


1 

tXC 


(Inrertase) 


A 

log oo' ^ 


2 This mvertase was one-half to two-thirds as active as 
O’Sullivan and Tompson’s and contamed one-third as much 
mtrogen as theirs Other preparations contamed 1 5-1 6 per cent 
mtrogen These had an activity of about K = 0 043 at 24“ 
They contamed one-fourth the mtrogen and were correspond- 
mgly less active 

3 Preparations contammg less then 2 2 per cent of nitrogen 
were alu ay s less active When less than 1 per cent of nitrogen was 
present they were almost inactive 

4 This im ertase consists of a gum, a mannosan, and a mtro- 
gen-contaimng portion Seventy to 76 per cent by weight of the in- 
V ertase TV as obtained as a reducmg sugar (mannose in large part) 

5 As long as they uere active all preparations of mvertase 
gavea verj faint biuret, faint >*’ Uon and xanthoproteic reactions 
The biuret is so weak ihat it can only be detected b> careful obser- 
vation It IS not given if the mvertase is heated with sodium 
hjdrate and copper sulphate The test must be made at room 
temperature 

6 The mv ertase contained about 0 38 per cent of tyrosm or 
pheni lalanme in a preparation contammg 1 55 per cent mtrogen 
\s3uming the mtrogen to be present in a protein this would contam 
about 3 5 per cent tjTosm 

7 In V lew of these facts, mv ertase as ordinarily prepared is to 
be considered to be probably a umon of a protein wath a carbohy- 
drate gum The gum is a mannosan 
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8 The rough parallehsm between activity and nitrogen con- 
tent, when the invertase is fairly pure, indicates that the active 
principle is a protein 

9 All attempts to get the protein free from the gum and active 
were failures Acid alcohol destroys the activity 

10 In view of these facts and the observations of Wroblewski, 
Osborne and Fraenkel and Hamburg on diastase, it is suggested that 
what IS ordinarily called invertase is a umon of an inactive col- 
loidal gum, with an active protem ferment The active principle 
may be an albumose or a coagulable albunun This union is inert 
and the ferment is thus tied up m the cell The imionof carrier and 
enzyme constitutes the invertase Z 3 Tnogen By the action of acid, 
the ferment is freed from its carrier, the gum, and becomes capable 
of uniting with and changmg its substrat The action of acids in 
cell-physiology, and m hastemng the action of invertase and other 
enzymes is thus partially explained Diastase would appear to be 
a umon of an albumose enzyme with a pentose gum It is suggested 
that possibly the ferments are thus anchored and rendered inert 
in cells by umting them with colloids The name “carrier” is 
suggested to cover these colloidal substances, the carriers of the 
ferments The carriers appear to be usually of the same chemical 
nature as the substrat of each ferment and to be colloids 

11 A little over 12 per cent of the weight of the invertase is 
still unaccounted for, though a part of this may be water Until 
this IS accounted for, and until the parallelism between nitrogen 
content and activity be found to be more exact the foregoing 
conclusion that the ferment is a protein must be tentative 
Further work on the subject is m progress 
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In previous communications^ it has been pomted out that alka- 
hne copper solutions in which carbonate is substituted for hydrox- 
ide are more dehcate and specific as reagents for sugar detection 
than when alkahmty is secured by either sodium or potassium 
hydroxide, as in Fehhng's solution The carbonate gives ample 
alkahmty for the sugars to exhibit their full reducmg power, but 
does not tend to decompose these substances, prior to their oxida- 
tion, to nearly so great an extent as does hydroxide 
The writer has previously proposed solutions for the detection 
and estimation of sugars, based upon the above stated observa- 
tions 1 The first solutions suggested in this connection were deh- 
cate and specific for sugar work, but possessed the disadvantage 
common to so many of the copper reagents m that they were not 
permanent after mixing Subsequently it was found and reported* 
that a solution contaming copper sulphate, sodium carbonate, and 
sodium citrate is more sensitive as a test for sugars than is Feh- 
Img’s fluid, and unlike this latter solution, is not reduced by unc 
acid, chloroform, or the simple aldehydes. Furthermore, the 
citrate-carbonate-copper solution may be kept ready mixed with- 
out undergoing detenoration of any kind 
The present paper describes a modification of this solution which 
may be employ ed for the estimation of sugars Like the writer’s 

' Benedict This Journal, iii, p 101, 1907 
•Benedict Ibid,i,p 485,1909 

S7 
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fiist solution for this purpose, this reagent is well suited to the h 
tration of sugars because, upon its reduction, a white precipitate 
of cuprous sulphocyanate is produced, which permits the ead-pomt 
of the reduction to be readily observed The formula and tech- 
nique for the use of this solution are given below 
The solution has the following composition per liter 

grams 


Copper sulphate (cryst ) 18 0 

Sodium carbonate (cryst )* 200 

Sodium citrate 200 

Potassium sulphocyanate 12a 

cc 

Five per cent potassium ferrocyanide solution 5 

Distilled water to provide a total volume of 1000 


With the aid of heat dissolve the citrate, carbonate, and sul- 
phocyanate in enough water to make about 800 cc of the mixture, 
and filter Dissolve the copper sulphate separately in about 100 
cc of water and pour the solution slowly into the other liquid, 
with constant stirring Add the ferrocyamde solution cool, and 
dilute to exactly one litre Of the various consMuents, only ih 
copper salt need he weighed with exactness Twenty-five cc of the 
reagent are reduced by 0 050 gram of glucose, or by 0 053 gram 
of levulose 

Sugar estimations are conducted with the solution in the fol- 
lowing manner Measure 25 cc of the reagent into a porcelain 
evaporation dish (25-30 cm in diameter) and add 10-20 grains of 
crystallized sodium carbonate (or one-half the weight of the 
anhydrous salt) and a very small quantity of powdered pumice 
stone Heat the mixture to vigorous boihng over a free flame and 
run in the sugar solution quite rapidly until a heavy white precip- 
itate IS produced, and the blue color of the solution begins to 
dimmish perceptibly From this point the sugar solution is run 
in more and more slowly, with constant vigorous boiling, until the 
disappearance of the last trace of blue color, which marks the 
end-point - 

The following explanatory points may be added regarding the 
solution When ready mixed, like the qualitative reagent, this 

1 One-half the weight of the anhydrous salt may be used 
j In applying this process to unne, the latter should be diluted, 1 10> 
unless the sugar content is known to be very slight 
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solution appears to keep indefinitely, without any special precau- 
tions, such as exclusion of light, etc The trace of ferroeyanide is 
added to prevent precipitation of red cuprous oxide which may be 
caused by certam impunties Chloroform has such a marked tend- 
ency in this respect that it must not be present during the titration 
The additional carbonate is added pnor to the titration m order to 
provide sufficient alkalimty to insure the production of a sharp 
end-pomt 

As regards the accuracy of the process it may be noted that re- 
peated detenmnations by different workers durmg the past year 
have convinced the writer that the method is probably more satis- 
factory than any other titration method for sugars at present 
available Check deter min ations with the gravimetric (Alhhn’s) 
and polariscope processes have shown that the method gives highly 
satisfactory results, the figures m the various apphcations of it 
differing even less than those reported for the writer’s previous 
quantitative sugar process In this method, as m any other 
where the disappearance of color is made the end point, there 
IS a tendency to run in an excess of the reacting substance unless 
special care is exercised throughout the titration and particularly 
at the end The solution must be kept vigorously boilmg over a free 
flame during the entire process, and towards the end the sugar 
solution must be added in portions of a drop or two, with an mter- 
val of about 30 seconds after each addition, Should the mixture 
become too concentrated during the titration process, distilled 
water may be added to replace the volume lost by evaporation 
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lu their recent paper’ entitled “The Study of Autolysis by Phy- 
sico-Chemical Methods, II,” Benson and Wells have discussed the 
influence of antiseptics upon autolysis They found that chloro- 
form in comparison with other antiseptics, was most effectne in 
inhibiting autoljsis The results of their expemnents, as they 
afihrm in a footnote, are quite contrary to those of my work - The 
contradiction is, however, merely apparent and arises from a mis- 
understandmg which I wish to explam 
My autolysis experiments were made with pieces of rabbit liver 
weighing 2 o-3 5 grams, placed m a 1 per cent solution of sodium 
fluoride As a measure of the extent of autolysis I determmed the 
mtrogen, non-precipitable by tanmc acid, m the suspension of 
ground liver which was prepared after the completion of the autoly- 
sis 

I attempted to deterrmne the normal course of autolysis and, m 
agreement mth the results of Clajpon and Schryver, was able 
to show a latent period of five to six hours The evidence of this 
latent penod is to be found in the fact that the amount of mtrogen, 
non-precipitable bj tanmc acid at the end of six hours wasver> 
little if any greater than that of the soluble mtrogen contained 
m the fresh li\ er 

* This Journal, viii, p GI, 1910 

* Bccinflussung dcr Autoljse durch die NaroUca der Fettreihe, ArcA / 

exp Path u Pharm , lx, p 256 ’ 
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Reply to Benson and Wells 


anf ;Z“l'?eoflde S 

measured by their method ort, l ff ^ dccompouim 

mtrogen estLat“or tta r"r , 

not comparable expenmenis arc 

flrs?the°Lteofo““‘°J^“‘" W^ntlyrntoopkaca Tl, 

Wo2sm d P ™/'' the solutioa (lookeruag) oflh. 

formed Onlv tti° Inctic acid or sugar a 

occur As T fl, 1 1 T°“‘^ of tke protem. 

the iniiufyni'P ^ principal consideration ivas 

the narrni ^ '^pon the first phase hy the transitory action oj 

coZT nl T I of the nar 

odium fluoride in the incubator at the same time with the controh, 
narc^Pcs subjected to the fumes of the 


h or 6 hours the pieces which had previously been subjected 
n IS way to the action of the narcotics yielded much larger 
amounts of mtrogen not precipitable by tannic acid than did those 
SO reated, from which I conclude i/iat the latent period had 
een s ortened, the process of autolyszs accelerated hy the prejious 
action of these agencies 

As co^rols, the amounts of nitrogen in the untreated pieces were 
given e charge that control analyses are lacking is therefore 
qui e un ounded Again I wish to point out that in my experiments 
e su ject under consideration was the temporary influence of 
le narcotic fumes, that during the actual process of autolysis no 
c oro orm was added to the sodium fluoride solution In this 
respect, also, my experiments were differently designed from those 
o ensim and Wells and, therefore, the results are not to be com- 
pare t IS shown on page 262 of my paper that temporary treat- 
ment with chloroform vapor does not depress the accelerated 
process of autolysis in frozen pieces of liver, i e , it does not influence 
t e process of ferment action itself (second phase of autolysis) 
Furthermore, this acceleration of autolysis is not without anal- 
ogy in the action of hpoid solvents upon living organisms ' By 


» Hans H Meyer MUnch med Wochenschr , 1909, p 1577 
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short treatment with ether Johannsen was able to hasten the de\ el- 
opment of plants By the short transitory action of these sub- 
stances the cell contents are rendered more labile, metabohc 
changes and ferment activities promoted, the vital processes 
accelerated (der Inhalt der 2ellen wird lockerer, StoSumsatze, 
Ferment wirkungen werden ausgelost imd der latente Lebens- 
process geweckt) Just as the vital process m plants is mjured 
or brought to a standstill by 'prolonged action of so autolj sis, 

the ferment action itself, is inhibited by means of chloroform actu- 
ally present, as Benson and Wells have shown m their paper 
On the other hand, the short temporary action of narcotic vapors 
effects a solution of cell hpoids, i e , an aheraiion of the protoplasm 
itself, permittmg the enaymes to have access to the protoplasm 
In the experiments of Benson and Wells, they were dealmg with 
direct effects upon the enzymes^ m mme, however, the question is 
one of an afferahon in the state of the cells 




ON NUCLEASES 


Bi P A, LEVENB aito F MEDIGRECEAJfU 
{From the Laboratories of the Rockefeller Institute and Hospital ) 

(Received for publication, January 11, 1911 ) 

It has been recorded by many observers that during the process 
of autolysis nucleins suffer a complete dismtegration with hbera- 
tion of phosphoric acid and of free punn and pyrimidin bases 
The earhest records of such observationsbelong to Schutzenberg, to 
the pupils of Kossel and more particularly to Salkowski and his 
pupils In more recent jears and m greater detail the influence 
of autolysis on the nuclem-denvatives was studied by Kutscher, 
Dakin, Jones and Schittenhelm, and Levene * This work, however, 
did not deal with mdividual factors concerned m the complete dis- 
solution of the nucleic acid molecule, nor with the character of 
the intermediate steps leadmg to the final dismtegration 
Attempts to obtain hght on these phases of the problem "ft ere 
made only in recent years The attempts to disclose the mechan- 
ism of the final phases in this complex process were crowned with 
success Jones and his co-workers in this country and Schitten- 
heim wth co-workers in Germany have succeeded in bringmg much 
hght mto the mechamsm of purin metamorphosis through the 
enzj-mes of animal tissues The knowledge of the phases leading 
to the liberation of the purin bases remains less satisfactorj , 
notwithstanding the very meritorious work of Araki, F Sachs, 
Nokahama Corbone, Iwanoff and others 
The failure of these investigations to furnish more satisfactory 
information on the details of the nucleic acid dissolution may be 
attributed to ti\o factors, namely to the absence of a comenient 

* V renew of the literature la given in the article on “ A.utolj3is” bv P 
Lo^oo^^’ Lectures, i, p S9, 1900, Lippmcott, Philadelphia and 
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On Nucleases 


vals of comparatively short inter 

struetn rp f ’ to the lack of knowledge of the chemical 

structure of nucleic acid In fact the results obtainedby Sachsha^e 

tn h ^PP^®°^^ted all the more if the methods that were available 
o him are taken into consideration After the present work was 
eady completed and reported at a meeting at New Ha\en‘ 
there appeared a publication by Giacomo Pighim,= who applied 
e optical method to the study of the nuclease action Itmibt 
he remarked, however, from the work of Pighim that he failed to 
appr^iate the fact that the results of his observations can be inter- 
pre e correctly only if the rotatory power of the possible cleai age 
pro ucts are taken into consideration The work of Abderhalden 
ii'n IS co-workers on the enzymatic hydrolysis of optically actue 
polypeptides emphasizes this point very strongly 
Through the work of J acobs and of one of the present writers, 
t e knowledge of the constitution of some nucleic acids has 
advanced to a degree which makes possible an intelhgent interpre- 
tation of the observation made on the process of nucleic acid 
dissolution Namely it was demonstrated that the molecule of the 
complex nucleic acids is composed of nucleotides and these of phos- 
phoric acid, carbohydrate and base linked one to another in the 
order here given It was further proven that by selecting the 
methods of hydrolysis it is possible to detach from the complex 
either phosphoric acid alone, giving rise to a nucleoside, or a com- 
plex of carbohydrate and base, or under other conditions it 
possible also to remove only the purin base thus forming a phos- 
phoric acid conjugated with a carbohydrate The rotatory power 
of the nucleosides and of the d-ribose phosphoric acid — taken as 
an instance differ m direction and in magnitude and the rota- 
tory power of each one differs from that of d-ribose 
Thus the optical changes during the dismemberment of a single 
nucleic acid, as for instance of inosimc acid, depend on the charac- 
ter of the product formed The rotation of the entire complex is 
Wd = — 18 5® 


1 We do not mention this with the intention of disputing pnoritj 
* Giacomo Pighmi, Zeitschr f vhysiol Chem , ]x\, p 85, 1910 
’ For the barium salt 
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yOB. 

0=P-0-CHi 

'^OH 


ja]“ = -49J 

H H H H 

- C- C-C- C - Cs H,X,0= [a]=D = 18 5* • 

OH OH I 

O * 


ta]=„'' = +4P 

That of d-nbose phosphoric acid = [aj „ = + 4 4' and that of 
inosin = [a] = — 49 2 and that of d-nbose = [a] „ = — 19 2 

Thus, the transformation of mosvmc acid into d-nbose phos- 
phoric acid should lower the degree of the rotation of the solu- 
tion, whereas the transformation into inosm should be accom- 
pamed by an increased rotation 
The interpretation of the results of observation on the yeast 
nucleic acid is much more complev for the reason that of the six 
products forming on its cleavage three the d-nbose, guanosm, and 
adenosin, are levorotatory, while the other three, namely, d-nbose 
phosphonc acid, cytidm and uridm are dextrorotatorj' From 
this it IS obvious that an intelligent mterpretation of the results 
obtained on the complex substances is possible only after the 
action of the same enzjnnes on the simpler substances has been 
established 

It i\as the object of the present investigation to observe the action 
of tissue extracts on the simpler complexes and then to apply the 
knowledge obtained in this manner for the mterpretation of the 
observations to be made on the complex nucleic acids 
Substances employed in course of the expen7nents v,ere the follow- 
ing mosin, cytidm, inosmic acid, guanj he acid, yeast nucleic acid 
Experiments mth guanosm were abandoned for the reason of the 
great msolubihtj of the substance 

The action of the plasma of Ihe follouing organs uas tested pan- 
creas, hier, kidnej, heart muscle, extract of the mucosa of the 
small intestines, and of blood serum Onlj the organs of the 
dog were emplojed m the ex^ienment 
The best condition for the action of the enzjmie w as found to be 

' The rotation was determined onlj for the bantim salt 
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rrir- 

was so poSi^ th Vf intestinal mucosa 
acid m 7^ to “? n ^ ^ arrested by the presence of acetic 

were use? m Ih concentration The dog whose organs 

and had rpf. criment had been poisoned with cantharidin 

and Pad refused food for seven days 

folW^g^""^^^ experiments were all uniform and were the 

/nostn Plasma of heart muscle, of liver, kidney and of the 
ntestinal mucosa invariably hydrolyzed it giving rise to the free 
e an ri ose The plasma of the pancreas, the blood serum 
and the hemolyzed blood remained without action on it 
nosimc acid was hydrolyzed by the same organ plasmata as 
inosin, an as mosin remained intact after the action of the pan- 
weas p asma, no experiments were performed with blood serum 
e ec me of the rotatory power observed during the experiment 
IS gradual, constant, and the rotation always remained to the left 
rom this, one is justified to surmise that the products of hydrolj- 
sis are always phosphoric acid, d-ribose, hypoxanthin There is 
no evidence of formation of mosm in any phase of the experiment, 
nor IS there any satisfactory evidence for the assumption of forma- 
tion of d-ribose phosphoric acid, — thus at all periods of the experi- 
ment the disruption of the molecule seems to be complete 
Guanyhc acid Great difficulties were encountered in the use 
of the acid for the reason of its strong tendency to gelatimze or to 
form precipitates with the enz3Tne solutions However, one 
sample of the acid was obtained which furmshed a satisfactory 
solution The action of the plasma of the liver, kidney, heart 
muscle, and of the intestinal mucosa was very decisive, and of the 
same character as their action on inosinic acid 
The action of the pancreas plasma could be followed only once 
and in that experiment the change in rotation was not very high in 
value, but very decisive and showed an increase m levorotation 


‘ Henderson and Webster Journ of Med Research, \vi, 1907 
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Should this observation be corroborated by further expenence, it 
will justify the conclusion that guanosm is formed through the 
action of pancreas plasma on guanylic acid Such a conclusion 
seems also to be m harmony with the observation of Levene and 
Jacobs'^ on the occurrence of free guanosm m the pancreatic gland 
However, we realize that the observation needs further corrobora- 
tion, and at present we are engaged m preparmg guanyhc acid 
suitable for the experiments 

Ctfiidm From the as yet unpublished experiments of Jacobs, 
La Forge and one of the present writers it has become very prob- 
able that also eytidin is a complex of pentose and cytosm, though 
the two substances are umted m a manner different from the 
glycosidic hnkage It is verj significant therefore, that all the 
attempts to cause a cleavage of the substanceby tissue plasma n ere 
futile 

y&tsi nucleic acid The action of the foUomng substances was 
tested the extract of mtestmal mucosa, the plasma of the heart 
muscle, of the hver, of the kidney, of the pancreas, and blood serum 
The ongmal solution of the nucleic acid, to which the enzyme 
had been added shoued dextrorotation In all experiments, with 
the exception of one, there was noted a marked fall in the dextro- 
rotation However, at the conclusion of the experiments the solu- 
tionremameddextrorotatory From this it follows that the cleavage 
of the nucleic acid under the conditions of the present experiments 
was not complete Further, it is evident that substances with a 
Ion er dextrorotation than the ongmal nucleic acid, or levorotatory 
substances are formed It has become known from the experi- 
ments on the action of the extract of mtestmal mucosa, of the 
plasma of the liver, kidnej, and heart muscle on inosimc and 
guanylic acid, that these two simple nucleotides undergo complete 
disintegration, on the other hand, under the same influence cytidm 
remains intact Thus it maj be concluded that under the condi- 
tions of thoae expenments the yeast nucleic molecule decom- 
poses into the following substances phosphoric acid, purin bases 
d nbose, cj tidm and undm A solution of these substances m 
proportion as they occur m the nucleic acid molecule is dextro- 
rotatorj 


’ he; enc and Jacobs Biochcm Zulscftr , xxvn, p 127,1910 
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A solution of the yeast nucleic acid suffers a decline in its dev 
tioiotation also under the influence of pancreas plasma (m dis- 
tinction from inosmic acid) and under the influence of blood serum 
Under these conditions nucleosides do not undergo further cleavage, 
and therefore the cleavage of yeast nucleic acid under the same con 
ditions cannot proceed beyond that phase Whether or not it 
actually reaches that stage, as yet cannot be ascertained with 
certainty If the observation on the action of pancreas plasma on 
guanyhc acid shall be corroborated by further experiments it will 
lead to the conclusion that under the influence of pancreas extract 
and of blood serum, nucleosides are formed, which do not undergo 
further cleavage 

The presence of 2 per cent of sochum carbonate did not affect 
the enzyme action but such action was arrested by the presence 
of 2 per cent of acetic acid 

In the present experiments it was not possible to note a defimte 
Vegularity in the velocity of reaction of the enzyme solutions 
Experiments aiming to elucidate that phase of the problem are 
contemplated 


EXPERIMENTAL PART 


Preparation of organ-plasnia The procedure employed bj 
Abderhalden m his work on proteolytic enzymes was followed 
very closely Dogs of about 15-20 kilos in weight were used for 
the purpose They were allowed to fast from one to two days, and 
bled to death under ether narcosis The organs were removed 
observing as far as possible aseptic precautions The adhering 
blood was removed by means of physiological salt solution, 
ground up with quartz sand and the plasma obtamed by means 
of a Buchner press under a pressure of three hundred atmospheres 
The solutions to which toluol and chloroform (1 per cent) were 
added, were allowed to autolyze at 37° C for IS to 20 hours, 
and filtered immediately before each experiment Aseptic pre- 
cautions were observed as far as the conditions of the experi- 
ments permitted 

Preparation of the extract of intestinal mucosa The duodenum 
and the small intestines were used for this purpose The organs 
were thoroughly washed with physiological salt solutions The 
mucosa was separated, taken up in 100 cc of 1 per cent phosphate 
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solution, prepared according to Henderson, and allowed to stand 
under toluol for several hours The solution was then filtered 
When the solution was too strongly opalescent to allow polari- 
scopic observations, it was diluted until the observations were made 
possible Aseptic precautions were obsenfed as far as conditions 
allowed 

Blood serum The blood was received m sterile vessels, and the 
plasma separated from coagulum and from cells by centnfugahza- 
tion 

Reaclion of solution Numerous experiments brought the con- 
viction that the most favorable action was achieved at neutral 
reaction as it is obtained by the use of the Henderson phosphate 
solution Sodium carbonate and acetic acid were employed when 
It was aimed to follow the influence on the ensymes of OH or H 
ions 

Ohsenaitans were made m Landolt’s polanscope Special tubes 
50 mm long, with a capacity of 3 cc were used The tubes were 
provided with jackets filled with warm water The solutions were 
kept at 37° C and under toluol, which was renewed from tune to 
time Unless turbidity made filtration necessary, the same tube 
without filtering its contents, or without disturbmg it in any wa 5 , 
was used from beginmng to the end of the experiment 

raOSIX EXPEBIAIENTS 

A. In neutral phosphate solution [1 per cent) 

Expemuems wiiH Extbact or Ivtestiml Mncosn 


Erp I 

XI, 17. ’10 

Enxyme solution, 1 cc 
Inoain solution, 5 per cent, 

3 cc 



Control 


Enzjme solution, 1 cc 
Phosphate solution, 3 cc 




Exp 

lOmlo. 

1 hr 3 hrs. hrs n hf3 

12 hts 

Co hra 

00 hrs 

— 0 95 - 

0 90 -0 74 -0 64 - 0 10 

cloudy 

-0 03 

-oos 

Control 

0 00 

0 00 0 00 0 00 0 00 

0 00 

0 00 

0 00 

Exp 11 

XI, 2G, '10 

Enzjine solution, 1 cc 
Inoain solution, 5 per cent. 

3 cc 



Control 


Eiu>Tne solution, I cc 
Phosphate solution 3 cc 
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Exp 

10 niln 

2 hrs 

4 hra 

9 hra 

24 hra 

31 hn 

13 hn 

-0 96 

-0 83 

-0 81 - 

-0 63 

-0 35 

-0 30 

-0 20 

Control 

-0 02 

-0 04 

-0 04 - 

-0 03 

-0 06 

-0 04 

-0 04 




72 hra 

144 hra 



Exp 



-0 20 


0 16 



Control 



-0 04 

— 

0 04 




E\p III XI, 11, ’10 Enzyme solution, 1 cc 

Inosin solution, 5 per cent, 3 cc 

Control Enzyme solution, 1 cc 

Phosphate solution, 3 cc 



10 mta 

hra 

hra 

6 bra 

24 hra 

36 hra. 

72 hn 

Exp 

-0 94 

-0 88 

-0 65 

cloudy 

+0 12 

+0 12 

+012 

Control 

0 00 

0 00 

0 00 

0 00 

0 00 

0 00 

000 


SS hrs 120 hrd 

Exp +0 10 +0 06 

Control 0 00 0 00 


Experiments with Pancreas Plasma 

Exp I XI, 18, ’10 Enzyme solution, 1 cc 

Inosin solution, 6 per cent, 3 cc 

Control Enzyme solution, 1 cc 




Phosphate soIuUon, 3 cc 





10 min 

2 hra 

4 hra 8 hra 

24 hra 

48 hra 

73 hn 

Exp 

-0 91 

-0 91 

-0 91 -0 91 

-0 91 

-0 93 

-0 94 

Control 

+0 08 

+-0 08 

+-0 08 +0 08 

+0 08 

+-0 05 

+0 06 

Exp II 

XI, 26, 

’10 Enzyme solution, 1 cc 






Inosin solution, 5 per cent, 3 cc 



Control 


Enzyme solution, 1 cc 






Phosphate solution, 3 cc 





lOmlD 

2 hra 

4 hra 9 hra 

24 hra 

31 hra 

43 hra 

Exp 

-0 92 

-0 92 

-0 92 -0 92 

-0 90 

-0 88 

-0 80 

Control 

+-0 02 

+0 02 

+•0 02 +-0 02 

+0 02 

+0 02 

+0 02 




72 hra 120 hra 



Exp 



-0 82 -0 83 



Control 



+0 02 +-0 02 




Experiments wth Liver Plasma. 

Exp I XI, 18, '10 Enzyme solution, 0 5 cc 

Phosphate solution, 0 5 cc 
Inosin solution, 5 per cent, 3 0 cc 
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Control Enzyme solution, 0 5 cc 

Phosphate solution, 3 5 cc 

20mln 2hi3 ihn Shn Slhia 72 h« 

Esp —0 70 - 0 50 - 0 50 cloudy cloudy —0 18 

Control +1 18 +1 18 +1 18 +1 18 cloudy +1 16 


Exp II XI, 26, '10 Enzyme solution, 0 5 cc 
Phosphate solution, 0 5 cc 
Inosm solution, 5 per cent, 3 0 cc 


Control 

Enzyme solution, 0 5 cc 
Phosphate solution, 3 5 

cc 



20 min 

2 hra 21 lira 31 hia 

43 lira 

72 bra. 

95 lira 

Exp -0 72 

cloudy cloudy 0 00 

+0 02 

0 00 

0 00 

Control —0 10 

—0 10 cloudy cloudy 

-0 08 

-0 OS 

-0 08 


ErPEBIlIE^Ta WITH Heabt Mhscij; Pi.as m a 

Exp I XI, 18, ’10 Enzyme solution, 1 cc 

Inosm solution, 3 per cent, 3 cc 

Control Enzyme solution, 1 cc 

Phosphate solution, 3 cc 

20 mla 2 hrv 4 lirs 8 2ir3 24 hn 43 hrs 72 2irs 

Exp —0 88 —0 75 —0 56 cloudy cloudy —0 10 —0 10 

Control -0 03 ~0 03 -0 02 -0 02 cloudy -0 03 -0 03 

Exp II XI, 26, '10 Enzyme solution, 0 5 cc 

Phosphate solution, 0 5 cc 
Inosm solution, 5 per cent, 3 0 cc 

Control Enzyme solution, 0 5 cc 

Phosphate solution, 3 5 cc 

10 mla. 2hn ihn Shia Slhrs iS hia. 72 h». 120 hn 

Exp —0 75 —0 71 —0 71 cloudy —0 56 —0 36 —0 36 —0 36 

Control -0 04 -0 04 -0 04 -0 04 cloudy -0 04 -0 04 -0 04 

Experiments with Kidsbt Plasma 

Exp I XI, 18, '10 Enzyme solution, 0 5 cc 

Phosphate solution, 0 5 cc 
Inosm solution, 5 per cent, 3 0 cc 

Control Enzyme solution, 0 5 cc 

Phosphate solution, 3 5 cc 
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E\p 

Control 

10 mlQ 

-0 70 
-0 06 

2 hra 4 hra 8 lira 

—0 50 —0 40 cloudy 
-0 08 -0 08 -0 08 

24 hra 71 hn. 

cloudy -0 10 
cloudy -0 Oa 

Exp II 

XI, 26, ’10 

Same concentrations as in Exp I 


Exp 

Control 

30 min 

-0 84 
-0 06 

2 hra 4 hra 8 hra 23 hra 

— 0 66 —0 60 cloudy —0 10 
-0 06 -0 04 =0 04 -0 04 

30 hra 47 hrs. 

-0 06 -0 02 

-0 04 -0 04 

Exp 

Control 


71 hra 143 hra 

-0 04 -0 02 

-0 04 -0 04 



Experiments with Blood Sebum 


Exp I 

XII, 15, ’10 Blood serum, 1 cc 

Inosin solution, 3cc 



Control 

Blood serum, Icc 

Phosphate solution, 3cc 



Exp 

Control 

10 min 3 hra 6 hra 20 hra 28 hra 48 bra 

-0 80 - 0 78 -0 78 - 0 78 -0 82 -0 82 

-0 42 -0 44 -0 44 -0 45 -0 45 -0 45 

72 hra 
cloudy 
-0 45 

PObM 

-0 83 
-0 4o 

Exp II 

XII, 29, ’10 Same concentrations as in Exp I 



Exp 

Control 

10 min 5 hra 24 hra 48 hra 

-0 90 -0 92 -0 91 -0 92 

-0 32 -0 33 -0 35 -0 35 

72 hra 

-0 92 
-0 35 

93 hra 

-0 92 
-0 35 


Experiment with Hemoltzed Blood Corpuscles 



(With distilled water and ether) 



Exp XII, 29, '10 Hemolyzed blood, 0 5 cc 

Phosphate solution, 0 5 cc 

Inosin solution, 5 per cent, 3 0 cc 



Control 

Hemolyzed blood, 0 5 cc 

Phosphate solution, 3 5 cc 



Exp 

Control 

lOmlD 1 hr 3 hra 24 bra 40 hra 

cloudy and dark —0 90 —0 88 —0 88 —0 90 
cloudy and dark cloudy cloudy +0 06 +0 02 

72 hra 

-0 88 

0 00 

144 hrs 
-0 90 
0 00 
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B In all aline solution 

EsPERIMEMS VnTB ^XTBACT of iMESTI^iL Mxicosi 

Exp XII, 16, '10 Enzyme solution, 1 cc 

Inosin solution, 5 per cent, 3 cc in (1) 0 5 per cent 
sodium carbonate solution, m (2) 1 per cent so- 
dium carbonate solution, in (3) 2 per cent sodium 
carbonate solution 

Control Enzyme solution, 1 cc 

Inosin 5 per cent in phosphate solution, 3 cc 

10 mi-n 2 hra 4 hra 20 hra 23 hia 13 bra fiS brs 62 hia 

Exp (1) -1 02 -1 02 -1 02 -0 86 -0 82 - 0 SO -0 74 -0 70 

Exp (2) -1 24 -1 24 -1 24 -1 19 -1 19 ~1 19 -1 IT -I 12 

Exp (3) -1 16 -1 16 -1 16 -1 13 -1 13 -1 11 -1 01 -0 98 

Control -0 93 -0 8a -0 68 -0 40 -0 30 ~0 20 -0 19 -0 19 

Experiments with Heart Mtiscie Piasma 

Exp XII, 16, '10 Enzyme solution, 0 5 cc 

Sodium carbonate solution, 0 5 cc in (1) 0 5 per 
cent, m (2) 1 per cent, in (3) 2 per cent 
Inosin solution, 5 per cent, 3 cc in sodium carbonate 
solution in (1) 0 5 per cent, in (2) 1 per cent, in 
(3) 2 per cent 

Control Enzyme solution, 0 5 cc 

Phosphate solution, 0 5 cc 

Inosm a per cent in phosphate solution, 3 cc 



10 min 

2 bra 

5 bra 

cobra 

44 brs 

70 bi9 

32 bra 

Exp (i) 

-0 90 

-0 95 

-0 96 

-0 94 

-0 94 

-0 94 

-0 94 

Exp (2) 

-1 16 

-I IS 

-1 IS 

-1 25 

-1 25 

-1 25 

~1 25 

Exp (3) 

-1 10 

-1 12 

-1 2o 

-1 25 

-1 26 

-1 26 

~1 26 

Control 

-0 S6 

cloudj 

cloudj 

cloudy 

-0 72 

-0 63 

-0 3S 


C In acid solution 


Experiments mith Extr.4ct op Lntestinai. Mccosa 

Exp I XI, 11, ’10 Enzj-me solution, 1 cc 

Inosm solution, 5 per cent in acetic acid, 0 2 per 
cent, 3 cc 


Control 


Enzjme solution, 1 cc 

Acetic acid 0 2 per cent, 3 cc 



Exp 

Control 

20 mta 

-0 82 

0 00 

2 bra. 

-0 67 

0 00 

4 bra. S bra. tra. 

-0 00 -0 45 -0 35 

0 00 0 00 0 00 

43 bra 

—0 22 

0 00 

1-0 bra 

-0 IS 
0 00 
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Exp II XII, 16, '10 Enzyme solution, 1 cc 

Inosm solution, 5 per cent, 3 cc m acetic acid solu 
tion m (1) 0 2 per cent m (2) 0 4 per cent, in (3) 

0 8 per cent 

Control Enzyme solution, 1 cc 

Inosm 5 per cent in phosphate solution, 3 cc 

10 min 2 hra 5 hrs 20 hra 28 hra 42 lira 68 hrs TO hrs 
E\p (1) -0 92 -0 92 -0 92 -0 92 -0 90 -0 90 -0 88 -OSS 

Exp (2) -0 86 - 0 86 - 0 87 -0 85 - 0 86 -0 86 -0 86 -0 S6 

Exp (3) -0 86 - 0 86 - 0 86 - 0 89 - 0 92 - 0 92 -0 90 -0 92 

Control -0 92 -0 85 -0 66 -0 40 -0 30 -0 20 -0 19 -0 19 

Experiments with Heart Muscle Plasma 

Exp XII, 16, '10 Enzyme solution, 0 5 cc 

Acetic acid solution, 0 5 cc in (1) 0 2 per cent, in 
(2) 0 4 per cent, in (3) 0 8 per cent i 

Inosm solution, 5 per cent, 3 Occ m acetic acid solu- 
tion m (1) 0 2 per cent, m (2) 0 4 per cent, in (3) 

0 8 per dent 

Control Enzyme solution, 0 5 cc 

Phosphate solution, 0 5 cc 

Inosm 5 per cent in phosphate solution, 3 0 cc ' 

10 min 2 hra 5 hra 20 hra 44 hra 70 hra W hra 

Exp (1) cloudy cloudy —0 96 —0 97 —0 97 —0 98 —1 00 

Exp (2) cloudy cloudy —0 92 —0 93 —0 93 —0 91 —0 92 

Exp (3) cloudy cloudy —1 00 —1 00 —1 00 —1 00 —1 00 

Control —0 86 cloudy cloudy cloudy —0 72 —0 63 —0 38 

INOSINIC ACID EXPERIMENTS 

In neutral phosphate solution (/ per cent) 

Experiment with Extract of Intestinal Mucosa 

Exp XII, 10, '10 Enzyme solution, 1 cc 

Sodium mosinate solution, 6 per cent, 3 cc 

Control Enzyme solution, 1 cc 

Phosphate solution, 3 cc 

10 min 2 hra 9 hra 12 hra 26 bra 48 hra 120 hra 

_0 70 -0 70 -0 61 -0 49 -0 34 -0 25 -0 19 

Control 0 00 0 00 0 00 0 00 0 00 0 00 0 00 
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Exp XII, 10, '10 Enzyme solution, 1 cc 

Sodium mosinate solution, 6 per cent, 3 cc 

Control Enzyme solution, 1 cc 

Phosphate solution, 3 cc 


10 min 2 hra Sins 12 hrs. 24 hra 31 hra 4S hia 120 hra 

Exp -0 71 -0 71 -0 71 -0 64 -0 60 -0 61 -0 62 -0 64 

Control +0 02 +0 02 +0 02 +0 02 +0 02 +0 02 0 00 0 00 


Expehiment with Liver Plasma 

Exp XII, 10, ’10 Enzyme solution, 0 5 cc 

Phosphate solution, 0 5 cc 
Sodium mosinate, 6 per cent, 3 cc 

Control Enzyme solutiop, 0 5 cc 

Phosphate solution, 3 3 cc 

10 pUp 2 hra 4 hra 3 hra 12 hra. 27 hra 43 hrs 96 hra 

Exp -0 06 -0 06 -0 58 -0 43 cloudy cloudy -0 06 -0 06 

Control -0 07 -0 06 -0 06 -0 06 - 0 06 cloudy -0 06 -0 06 

Expebiment with Heabt Muscle Plasma. 

Exp XII, 10, '10 Enzyme solution, 0 5 cc 

Phosphate solution, 0 5 cc 

Sodium mosinate solution, 6 per cent, 3 0 cc 

Control Enzyme solution, 0 5 cc 

Phosphate solution, 3 5 cc 

10 min. 2 hrj 8 hr* 8 hrs 31 hrs. 48 hrs 9S hrs. 

Exp —0 62 —0 62 —0 53 cloudy —0 50 —0 45 —0 53 

Control -0 04 -0 04 -0 04 -0 04 cloudy -0 05 -0 05 


Experiment with Kipnet Plasma 


Exp XII, 10, ’10 Enzyme solution, 0 5 cc 

Phosphate solution, 0 5 cc 
Sodium mosinate solution, 6 per cent, 3 cc 
Control Enzyme solution, 0 5 cc 

Phosphate solution, 3 5 cc 


Exp 

Control 


lOmin Ihrs.4hrsShrs.l2hrs 34hrs 5Jh.-s 

-0 65 -60 5 -0 65 -0 57 -0 50 cloudy, dark cloudj, dark 
— 0 Oo —0 04 — 0 04 — 0 04 cloudy —0 04 —0 04 
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CYTIDIN EXPERIMENTS 
Neutral phosphate solution {1 per cent) 
Experiments with Extract op Intestinal Mucosa 


E\p I XI, 17, '10 Enzyme solution, 1 cc 

Cytidm sulphate solution, 10 per cent, 3 cc 


Control 


Enzyme solution, 1 cc 
Phosphate solution, 3 cc 




E\p 

Control 

10 mlQ 

+0 69 

0 00 

2 hra 4} hra 18 hw 

+0 67 +0 60 +0 55 

0 00 0 00 0 00 

2S hra 
cloudy 
0 00 

70 hra 

+0 68 

0 00 

N bii 

4-0 68 
000 

Exp II 

XI, 26, ’10 

Enzyme solution, 1 cc 

Cytidin solution, 10 per cent, 3 cc 



Control 


Enzyme solution, 1 cc 
Phosphate solution, 3 cc 




Exp 

Control 

10 min 

+0 85 
-0 02 

2 hra 9 hra 24 hra 

cloudy +0 83 +0 84 

-0 04 -0 03 -0 06 

4S hrs 

+0 87 
-0 04 

72 hrs 
+0 89 
-0 04 

mhrs 
4-0 S9 
-0 04 


Experiments with Pancreas Plasma 


Exp I 

XI, 18, '10 

Enzyme solution, 1 cc 

Cytidin sulphate solution, 10 per 

cent, 3 cc 


Control 


Enzyme solution, 1 cc 
Phosphate solution, 3 cc 



Exp 

Control 

10 min 

4-0 68 
-f-0 08 

2 hra 4 hrs 8 hra 24 hra 

4-0 68 4-0 68 -fO 68 -fO 64 
4-0 08 -hO 08 -hO OS 4-0 08 

48 hra 

4-0 69 
4-0 05 

72 hU 
cloudy 
4-0 00 

Exp II 

XI, 26, ’10 

Enzyme solution, 1 cc 

Cytidin solution, 10 per cent, 3 cc 



Control 


Enzyme solution, 1 cc 

Phosphate solution, 3 cc 



Exp 

Control 

10 min 

4-0 98 
4-0 02 

2 hra 9 hra 24 hra 31 hra 

4-0 98 cloudy -fO 94 -fO 96 
4-0 02 4-0 02 4-0 02 4-0 02 

48 hra 

4-0 96 
4-0 02 

120 hra 
4-0 96 
4-0 02 
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Experiments with Liver Ft, asm a 


Evp XI, 18, ’10 Enzyme solution, 0 5 cc 
Phosphate solution, 0 5 cc 
Cytidm sulphate solution, 10 per cent, 3 0 cc 


Control 


Exp 

Control 


Enzyme solution, 0 5 cc 
Phosphate solution, 3 5 cc 


10 mliL. 2 hrs 

+0 54 +0 52 
+1 18 +1 18 


4 hrs 24 his 72 hia 
+0 52 cloudy +0 53 
+1 18 cloudy +1 18 


Experiments with Heart Muscle Plasma 

Exp I XI, 18, ’10 Enzyme solution, 1 cc 

Cytidin sulphate solution, 3 cc 

Control Enzyme solution, 1 cc 

Phosphate solution, 3 cc 



10 min 

2 hi3 

6 hi3 S his. 

24 hia 

43 hrs 

72 hrs 

Exp 

+0 70 

+0 55 

+0 50 cloudy 

cloudy 

+0 62 

-rO 62 

Control 

-0 03 

-0 03 

—0 02 cloudy 

-0 03 

-0 03 

-0 03 

Exp II 

XI, 26, ’10 

Enzyme solution, 0 5 cc 
Phosphate solution, 0 5 cc 
Cytidm solution, 3 0 cc 




Control 


Enzyme solution, 0 5 cc 
Phosphate solution, 3 5 cc 





lOmlQ 

2 hrs 

24 hrs 31 hrs 

43 hrs 

72 hrs 

144 hrs 

Exp 

+0 So 

cloudy 

cloudy +0 90 

+0 90 

+0 90 

+0 90 

Control 

-0 0-1 

cloudy 

cloudy —0 04 

-0 04 

-0 04 

-0 04 


Experiment with Kidney Plasma 

Enzyme solution, 0 5 cc 
Phosphate solution, 0 5 cc 
Cy tidm sulphate solution, 10 per cent, 3 0 cc 
Enzyme solution, 0 5 cc 
Phoaphate solution, 3 5 cc 

W 3hrj Shu 21 hrs. EJhrs OS hrs 

Lxp tO t)3 -rO 5S -rO 52 cloudy —0 62 — o 

Control -0 Oo -0 03 - 0 03 cloudy -0 06 - 0 06 


Exp XI. IS. ’10 

Control 
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QUANYLIC experiments 

N^eutral phosphate solution (/ per cent) 

Experiments with Extracts op Intestinaii Mrcosa 

Exp I XII, 10, '10 Enz 3 Hne solution, 1 cc 

Sodium guanylate solution, 5 per cent, 3 oo 


Control 


Enz 3 une solution, 1 cc 
Phosphate solution, 3 cc 



Exp 

Control 

10 min 20 hrs IS hrs 

cloudy —0 36 —0 36 

0 00 0 00 0 00 

72 hrs 

-0 24 

0 00 

120 hrs 

-0 24 
000 

Exp II 

XII, 16, ’10 

Enz 3 une solution, 1 cc 

Sodium guanylate, 5 per cent, 3 cc 


Control 


Enzyme solution, 1 cc 
Phosphate solution, 3 ec 



Exp 

Control 

10 min 

-0 36 

0 00 

2 hra 9 hrs 24 hrs 

—0 36 cloudy cloudy 

0 00 0 00 0 00 

48 hrs 

-0 21 

0 00 

120 hn 

-0 19 
OOO 


Experiment with Pancreas Plasau 


Exp XII, 

10, '10 

Enz 3 Tne solution, 1 cc 

Sodium guanylate solution, 3 cc 

, 6 per cent 


Control 


Enzyme solution, 1 cc 
Phosphate solution, 3 cc 



10 min 

Exp precipitate 

filtered 
Control +0 02 

1 hr 8 hrs 24 hrs 

-0 35 -0 37 ~0 37 

0 00 0 00 0 00 

48 hrs 

-0 41 

0 00 

90 hn 

-0 41 

0 00 


Experiment with Liver Plasma 

Enz 3 Tne solution, 0 5 cc 
Phosphate solution, 0 5 cc 
Sodium guanylate, 6 per cent, 3 0 cc 

Enzyme solution, 0 5 cc 
Phosphate solution, 3 5 cc 



10 min 

20 min 

2 hrs 

8 hrs 

24 hrs 

48 hrs 

00 hrs 

Exp 

precipitate —0 40 
filtered 

-0 39 

cloudy 

-0 26 

-0 26 

-0 26 

Control 

-0 07 

-0 07 

-0 06 

-0 06 

cloudy 

-0 06 

-0 06 


Exp XII, 10, '10 

Control 
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Exp XII, 10, ’10 Enzyme solution, 0 5 cc 
Phosphate solution, 0 5 co 
Sodium guanylate solution, 6 per cent, 3 0 cc 

Control Enzyme solution, 0 5 cc 

Phosphate solution, 3 5 cc 



10 min 

1 hr 

3 hra 

S hia 

24 hia 

43 hra 

99 hra 

Exp 

precipitate 

filtered 

-0 42 

-0 30 

cloudy 

cloudy 

-0 30 

-0 30 

Control 

-0 06 

-0 04 

cloudy 

-0 04 

-0 04 

-0 04 

-0 04 


Esperimeijt with Hbabt Muscle Plasma 

Exp XII, 10, '10 Enzyme solution, 0 5 cc 
Phosphate solution, 0 5 cc 
Sodium guanylate solution, 6 per cent, 3 0 cc 

Control Enzyme solution, 0 5 cc 

Phosphate solution, 3 5 cc 



10 mis 

1 hr 

4 hra. 

24 hra 

43 hra 

99 hra ^ 

Exp 

precipitate 

filtered 

-0 38 

-0 38 

cloudy 

-0 32 

-0 3 

Control 

-0 04 

-0 04 

-0 04 

cloudy 

-0 05 

-0 05 


YEAST NUCLEIC ACID EXPEROIENTS 


Neutral phosphate solution {1 per cent) 
Expebiments with Estbact op Intestinal Mucosa 


Exp I Xll, 28, ’10 
Rotation 


Enzyme solution, 2 cc 

Nucleic acid solution, 4 per cent, 3 co 


10 min 3 lin 5 bis 30 hn It hn 

+0 92 +0 53 4-0 50 4-0 31 4-0 31 


II XII, 29, '10 Enzj-me solution, 1 cc 

Nucleic acid solution, 5 per cent, 3 cc 
Control Enzyme solution, I cc 

Phosphate solution, 3 cc 


10 min 5 hra 31 hr*. 30 hr« 
cloudy cloudj -f-0 42 -fO 48 
000 000 000 000 


13 brs IS hw. 90 hta IH hu 

4-0 58 -fO 50 4-0 33 4-0 33 
0 00 0 00 0 00 0 00 


Exp 

Control 
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Experiiient with Pancreas Pr^sua 
Exp XII, 22, ’10 Enzyme solution, 1 cc 

Nucleic acid solution, 5 per cent, 3 cc 
Control Enzyme solution, 1 cc 

Phosphate solution, 3 cc 


Exp 

10 min 

24 hra 

48 hra 

72 hra 

HI bn 

precipitate 

filtered 

+0 96 

+0 72 

+0 60 

+0o0 

Control 

+0 04 

+0 04 

+0 04 

+0 04 

+0 04 


Experiment with Liver Plasma 

Exp XII, 29, ’10 Enzyme solution, 0 5 cc 
Phosphate solution, 0 5 cc 
Nucleic acid solution, 5 per cent, 3 0 cc 

Control Enzyme solution, 0 5 cc 

Phosphate solution, 3 5 cc 

10 min 20 min I hr 6 hrs 24 hra 48 lira 72 hra HI tn 

Exp precipitate +1 08 cloudy +0 90 +0 80 + 0 60 +0 47 +0 49 
filtered 

Control -f 0 37 +0 37 +0 37 cloudy cloudy +0 34 -0 34 +0 34 

Experiment with Heart Muscle Plasma 

Exp XII, 29, ’10 Enzyme solution, 0 5 cc 
Phosphate solution, 0 5 cc 
Nucleic acid solution, 3 0 cc 

Control Enzyme solution, 0 5 cc 

Phosphate solution, 3 5 cc 

10 min 3 hrs 8 hrs 24 hrs 48 hrs 

Exp +1 25 +0 80 +0 75 +0 90 +0 75 

Control —0 06 —0 06 —0 06 cloudy cloudy 

Experiment with Kidney Plasma 

Exp XII, 29, ’10 Enzyme solution, 0 5 cc 
Phosphate solution, 0 5 cc 
Nucleic acid solution, 5 per cent, 3 0 cc 

Enzyme solution, 0 5 cc 
Phosphate solution, 3 5 cc 

10 min 3 lira 8 hra 24 hw 48 hra 72 hra IH 

+1 26 +0 74 +0 60 +0 46 +0 35 +0 34 +0 33 

-0 09 - 0 09 -0 08 cloudy cloudy -0 08 -0 


Control 


Exp 

Control 


72 hra IH 

+0 70 +0 64 
-0 06 -0 66 
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Expebimevts with Blood Sebuii 

Exp I XII, 29, >10 Serum, 1 cc 

Nucleic acid solution 5 per cent, 3 cc 


Control Serum, 3 cc 

Phosphate solution, 3 cc 


Exp 

Control 

lOmln Ihr 5 bra 24 bra IS bra 

+1 25 +1 23 +1 10 +0 96 +0 So 
-0 33 -0 35 -0 35 -0 35 -0 35 

72 hra 96 hra 

+0 85 +0 72 
- 035 -0 35 

l«bra 

+0 72 
-0 35 

Exp 11 

XII, 31, '10 Serum, 1 cc 

Nucleic acid, 5 per cent, 3 cc 



Control 

Serum, 1 cc 

Phosphate solution, 3 cc 



Exp 

Control 

10 mbx 4 hrs 24 hrs 

+1 23 +1 15 +0 97 

-0 43 -0 44 - 0 46 

43 hrs 

+0 88 
-0 46 

120 bra 

+0 85 
~0 46 


TBAST NUCLEIC 4CID 




In allaltne solution 




Expebixtent with Extract op Intestinal Mucosa. 

Exp I, 2, ’ll, Enzyme solution, 1 cc 

Nucleic acid solution, 3 per cent m 
Sodium carbonate, 2 per cent solution, 3 cc. 

Rotation 

10 min 2hrs Shm Ulira tShra 120 hra 

+2 28 +1 90 +1 66 +1 36 +1 22 +1 16 

In acid solution 

Exp 1, 2, ’ll Enzyme solution, 1 cc 

Nucleic acid, 5 per cent m 

Acetic acid solution, 1 2 per cent, 3cc 

Rotation 

10 min 2 hm 21 b« 13 hn 120 bn 
altered +0 13 +0 10 -rO 11 ^-0 11 




ON THE determination OF ALKYLAMINES OBTAINED 
FROM URINE AFTER KJELDAHL DIGESTION 

Br C C ERDMANN 

(Prom the Chemical ZaboTolory of the McLean Hospital, Wacerley, Massac 

chusetta ) 

(Received for publication, December 31, 1910 ) 

The action of Kjeldahl digestion on some of the mtrogen com- 
pounds occumng m urme‘ has been studied m order to facilitate 
the mvestigation of the alkylaimnes -which are obtained by dis- 
tillation of urme that has been digested -with sulphuric acid It 
has been shown that, when treated accordmg to Kjeldahl, creatme, 
creatinme, methylurea, lecithin and peptone will yield ammonia 
and alkylamine, while urea and uric acid as well as the amino-acids 
will yield only ammoma Creatinme, a normal constituent of 
urme, would account for certam amounts of mono- and dimethyl- 
amme, these bemg formed accordmg to the temperature at which 
the digestion is earned out, but a comparison of the amount of 
orgamc base as obtained after Kjeldahl digestion of urme with 
the amount which could be denied from creatinme treated m the 
same w ay, will show that there is a remamder which is not ac- 
counted for A part of this remamder consists of trimethylamme, 
nhich IS present m every normal unne after Kjeldahl digestion 
As a condensation of the methyl groups of creatinme resultmg m 
the formation of trimethylamme was not obsen ed when its orgamc 
base was determined, it must be concluded that urme contains 
substances which spht off trimethj lamme 
Such energetic treatment as Kjeldahl digestion is not at all 
neccssarj to set free trimethylamme, as distillation of urme -with a 
small amount of caustic alkah, or e%en aeration with the same, 


‘ Oa AUolaminea as Products of the Kjeldahl Digestion, This Jownal 

MU, p 1010 “ 
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will liberate it, though in smaller quantity Furthermore, it has 
been found in urine that has stood for some time, preserved by a 
chloroform solution of thymol, where bacterial action cannot be 
considered the cause of decomposition 
If only primary, secondary and tertiary amines with the lowest 
alkyl groups were derived from urme after Kjeldahl digestion, 
the estimation of the organic base would offer no difficulty, but 
the possibility must be considered that there may also be present 
amines with higher alkyl groups A prehmmary experunent was 
made in order to throw some light on the character of the alk}l 
groups likely to occur 100 cc of normal urine were digested with 
100 cc of sulphuric acid and catalyser (one hour), distilled, and 
separated from the ammonia in a 2000 cc flask In one-half ito 
contents the organic base was determined and found to be = 3 G cc 
Tff nitrogen This orgamc base was redistilled into 5 cc of hydro- 
chloric acid and evaporated m a platinum dish A small residue 
resulted, which was weighed when it appeared to be dry, and W’as 
found to be 0 0300 gm As the nitrogen equivalent of 3 6 cc 
TO acid = 0 00504 gm the corresponchng amount, expressed in 
terms of the lowest representatives of the aliphatic series would be 

NHjCHo HCI = 0 0243 gm 

NH=(CH,hHCI = 0 02934 gm 

N(CH 3)3 HCI = 0 0344 gm 

HCI = 0 03943 gm 

The residue chmimshed during several weighings to such an extent 
that it did not seem possible to arrive at a constant weight by con- 
tinued heating on the steam-bath without considerable loss of 
substance The odor of trimethylamme was strong, and the 
difference m the several weighings evidently was due to the vola- 
tilization of this base 

Therefore the weight first obtained from the residue does not 
admit of any conclusion as to its composition, as the weight of 
the alkylamme hydrochlorides may have been increased by non- 
evaporated hydrochloric acid, or decreased by volatilized aminca, 
while a third factor, the hygroscopicity of the residue, tends further 
to complicate the estimation of its true value 

Finding, then, that the constant weight could not readfly be 
obtained, the residue, found by the last weighing to be 0 0235 gm , 
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was uninediately dissolved in acidulated water, and distilled, 
yielding 3 15 cc of ^ nitrogen = 0 00441 gm N This would 
correspond to 

NHjCH, HCl = 0 02126 gm 
NH(CHd. HCl = 0 0257 gm 
N(CH,)j HCl = 0 0301 gm 

Here the weight of the residue approaches the amount calcu- 
lated for methylanune hydrochloride from the mtrogen found by 
distillation This leads to the supposition that the orgamc base 
obtained from unne by Kjeldahl digestion and separation from the 
ammoma by mercuric oxide, consists mainly of aUrylammes with 
low alkyl groups 

The foUowmg experiments were then made towards the investi- 
gation of the amount of orgamc base in several urmes 

METHOD 

The determmation of the orgamc base is carried out as follows 
5 cc of urme are digested with sulphuric acid and copper sulphate 
till the liquid shows light yellow color A digestion of about 
25-30 minutes will be foimd to be sufficient The total mtrogen 
then IS distilled off into a 500 cc graduated flask contaimng an 
excess of sulphuric acid The amount of total mtrogen can now 
be determined bj titration, but as several detemunations on the 
same specimen are usually carried out, a separate total mtrogen 
determination is preferable 

The contents of the graduated flask are neutralized with a strong 
alkali Five to ten cc of the alkahne mixture, with water to the 
mark, and for each 10 cc of the total mtrogen about 1 5-2 gm 
of jellow oxide of mercury, are added After bemg shaken for 
about one hour (the graduated flasks being wapped m dark cloths 
and attached to a revolving disk) the mercuric oxide is allowed to 
settle T\\ eh e hours u ill be sufficient for this, though the finest 
particles of mercuric oxide will still float on top of the hquid To 
retain these small particles and thus get a sharp separation of the 
liquid from the mercuric oxide, a dense filter is neceasarj, uhich 
mij be prepared m the following wax 
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Into a two-hole stopper fitting the graduated flask, are inserted 

f ^ wash-bottle, the tube serving asin 

niet for the air being short, the one for the outlet of the hqmd a 
httle longer and carrying, by means of a rubber stopper, a tube as 
Mge as the diameter of the graduated flask will permit, to receive 
consistmg of tightly packed absorbent cotton 
VV^en air-blast is apphed, the first part of the filtrate, liable to 
be slightly turbid and give the ammoma reaction with Nessler’s 
reagent, is thrown away, but when 25-50 cc have passed, the 
a ition of Nessler s reagent will not cause any change of color 
Thus 250 cc are collected, either in a graduated flask or by means 
o a pipette, and subjected to distillation The organic base is 
received in 5 cc of xj- acid and titrated with alkali, the dif- 
erence from 10 cc will give the nitrogen value of organic base 
in 5 cc of urme 

In some of the experiments, the chgestions were carried out over 
the free flame, but to secure uniform conditions for several deter- 
minations on the same specimen, an electric stove (kryptol resist- 
ance) was used The following table may show that this latter 
arrangement was satisfactory, as m two chfferent sets ofexperi- 
ments for the same period of digestion, analogous results were 
obtained 

TABLE I 

Unne with large amount of organic base 
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T^LEn 
Normal Urine 


Total nitrogen in 5 cc 


19 45 cc — N 
10 


Organic base m cc 



KO 

miB 

JT 

1 osa-ujic SJ3S 

1 

Tntn 

20 

19 45 

' 0 65 

2 

25 

19 45 

0 60 

3 

30 

19 4 

0 65 

4 

35 

19 45 

0 6 

5 

40 ! 

19 45 

0 6 


The data m Table I are rather atrikmg on account of the readi- 
ness 'With which the nitrogen and organic base are spht off The 
temperature after a five-mmute digestion was observed and found 
to be 245‘‘-250® As urea decomposes at about 160® and this 
urme contamed a considerable amount of methylurea, the presence 
of the latter must be made responsible for the rapid digestion 
In Table II the effect of different periods of digestion is demon- 
strated to show that a longer digestion at a relatively low tempera- 
ture does not affect the amount of orgamc base 
In Tables HI- VI, given below, the detemunations of creatinine, 
ammoma, urea and uric acid were earned out according to Fohn 
The orgamc base is recorded as found m 5 cc of unne This 
amount, of course, includes the alkylammes derived from creatinine 
which theoretically would be one-third of its total mtrogen, but 
as demonstrated in a previous paper,* about one-sixth only of the 
total mtrogen of creatuune can be determined as orgamc base 
after a half-hour’s digestion, therefore one-sixth of the creatinine 
mtrogen was subtracted from the amoimt of orgamc base, and this 
13 stated in a special column 

In table III, the effect of the intake of methylurea 13 shown m the 
increased amount of alkalymme durmg the second and third days 
Creatine, however, does not cause any vanation in the amount 
Of the aUcylatojiie 


' Loc cit 
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TABLE ni 


All specimens made up to 2000 cc 


NO 

6 cc 

5 cc 

TOTAI. N 


OBOAMO 


TOTAt N 

ona^.Nio 

CBB VTININE 

BASE N 

IVTAKB 


BASE 



(Rest) 





0m 

0m 

0m 


1 

20 5 

0 6 

11 5 

1 373 

0 251 


2 

21 8 

1 5 

12 2 

1 409 

0 753 

5 gm methylurea 

3 

19 7 

0 8 

11 05 

1 620 

0 347 


4 

19 5 

0 6 

10 92 

1 421 

0 248 


5 

19 5 

0 6 

10 92 

1 446 

0 247 

2 gm creatine 

6 

22 6 

0 6 

12 65 

1 604 

0 237 



In Table IV, results are recorded obtained from a nitrogen-ridi 
diet, followed by a nitrogen-poor diet, terminated by a nitrogen- 
free diet The output of organic base is fairly constant until the 
sixth day, when the intake of methylurea caused a sudden increaie 
in the amount of alkylamine In a lesser degree, this increaae 
' continues the seventh day, but the following day the value of 
organic base approaches that of the first day of the experiment, 
though 2 grams of creatine Avere fed This confirms the obser- 
vation made in the first experiment, that feeding creatine does not 
produce an increase of the organic base in urine 


TABLE IV 





Z 

U9 





NO 

PIET 

Z 

D 

O 

a 

z 

z 

o 

z S 
o 5 w 

iJ 

■< 

H 

o 

Z 

z 

g 

a 


INTAKE 





o 

H 

u 

0 




cc 


- 


gm 

gm 


1 

1 Meat 

2000 

51 3 

07 

28 7 

2 16 

0 254 


O 

aW 

/ (2^ lbs ) 

2000 

64 4 

0 76 

36 1 

2 382 

0 273 


3 

2000 

36 8 

0 7 

20 6 

1 952 

0 271 


4 

Starch and 

2000 

22 5 

0 7 

12 8 

1 862 

0 277 


5 

little cream 

2300 

16 8 

0 7 

10 8 

1 942 

0 331 

5gm methyl' 

6 


2000 
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In Table V the effect of feeding methylanune bydrochlonde is 
shown The increase in organic base is exceedingly shgbt, tbougb 
the alkylamme content of the metbylamine hydrochloride was 
nearly equal to that of the methylurea fed in the previous experi- 
ments 

T\BLE V 


All spectmeTis made up to 2000 cc Organic base separated fTottl the ammonia 
in the urea determination in parenthesis 


SO 

z 

Z 

•3 CJ 

W 

•0 

z 

0 — 

22 
< 2 

C 5 0 
^ a u 

0 

B 

0 

z 

s 1 

trails. 3 cc 

1 

Z 

a 

; •< 

1 

a 

z 

z 

1 

sSS 

c 

lyTASB 

1 

10 i 

« — N 
. 10 1 



1 

1 gm 

[ am 

1 gm 

[ 

i 

1 1 



11 5 

10 5 (0 2) ' 

j 12 32, 
\ 

1 

m 

rang 


2 

22 85 

0 60 

11 6 


1 6 S 8 


i 

3 

23 6 

0 5 

8 1 


12 65 

1 76 

0 172 


4 

nn 


S 3 


1 11 76 

i 

i 1 7oe 

1 0 175 

1 


In Table VI the experiment of feeding methylurea was repeated 
and the usual separation of the mtrogen compounds was made, 
m order to find out whether the mtrogen obtamed by the ammoma 
and urea determinations contained allrylammes It was noticed 

TABLE VL 


Organic base obtained by the ammonia and urea determinations in parenthesis 
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that m the nitrogen obtained by aeration a small amount of organic 
base was present, while in separating the nitrogen from the urea 
digestion larger quantities of orgamc base were obtained Thu 
indicates an apparently unavoidable imperfection in the method 
of the urea determination, as urea does not split off alkylanune 
Comparison of the results obtained from these experiments 
leads to the conclusion that the amount of alkylamine obtained 
from urine by Kjeldahl digestion is fairly constant, though it con 
be influenced by feeding certain mtrogen compounds contammg 
alkyl groups 



ON TBffi RECOVERY OF ADENINE 

Bt GEORGE DeF BARNETT Airo WALTER JONES 

(From the Laboratory of Physiological Chemistry, Johns Hopkins 
University ) 

(Received for publication, January 9, 1911 ) 

Of the five physiologically important purme derivatives the one 
which can be most easily identified and accurately estimated is 
ademne Both the free base and its salts with morganic acids are 
easily soluble in hot water so that there is httle danger of loss by 
retention m coagula or mclusion m animal charcoal,^ two possible 
sources of error which must be carefully considered when deahng 
with xanthine, guamne, and uric acid When submitted to the 
scheme of Kruger and Solomon,- whether m the presence or absence 
of other purme bases, ademne passes sharply mto the hypoxan- 
thine fraction, its conduct m this respect bemg m marked contrast 
to that of hypoxanthme’ and guamne which divide themselves 
somewhat equally between the two fractions In the subsequent 
phases of Kruger and Solomon's scheme ademne conducts itself 
equally well It passes easily into solution with a shght excess of 
ammoma and remains dissolved after the free ammoma has been 
expelled On the contrary, hypoxanthme requires for its solution 
much more ammoma than is commonly supposed and is partly 
precipitated when the ammoma is driven off Finally, ademne 
may be precipitated from exceedingly dilute solutions (1 13,000) 

1 Bj dissolving impure hypoxanthme m a shght excess of sulphuric acid 
and boiling with animal charcoal we have been able to prepare specimens 
of the base which gi\e absolutely no reponse to the sensitive color and 
reaction for xanthine. Evidently the small amount of xanthme originalli, 
present is taken out bj the charcoal 

* IvrOgcr and Solomon Zetischr f physiol Chem , xivi, p 373 

* \Shilo this 13 not m accord with Krilger and Solomon we have many 
times convmccdoursehcs of its truth. See also Bruhns Zeitschr f physiol 
Chen , XIV, p 535 
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The Recovery of Adenine 


hli P'crate The picrate crystallizes from 

nil ^ n ^ picric acid solution in characteristic aggregates of ^en 
pale yellow silky needles which melt somewhat s^rply near ’SO 
degrees This compound is so little soluble that motLr llf 

nllir possessing these analytical advantages, adenine continu- 
y accumulates in the form of its insoluble picrate Even in the 
preparation of the base its picrate is unavoidable and to be of use 
must be converted into some soluble non-toxic salt This b, 
usually accomplished by removing the picric acid with ether, but 
owing to the insolubility of ademne picrate, the ether is shaken 
a SO ution of the salt in hot mineral acid Aside from the 
annoyance of such a procedure, the great amount of ether which 
must be used causes an appreciable loss of ademne These and 
other difficulties are avoided in the following method which serves 
or t e convement separation of ademne from picric acid without 
serious loss of the base 

A solution of adenine picrate in 10 per cent ammonia, so diluted 
that it contains about 0 5 per cent of ademne is treated with a 
solution of silver chloride in ammoma A gelatinous precipitate 
IS formed which is so highly colored as to suggest that adenine 
silver picrate has been precipitated, but an examination of the 
fluid will show that nearly all the picric acid has remained in 
solution 2 The gelatinous precipitate is filtered off, suspended 
in boihng water and decomposed with hydrochloric acid The 
pale yellow hot solution, which contains all of the ademne but 
only a small amount of picric acid, is filtered from the white silver 
chloride and allowed to cool, when a small amount of adenine 
picrate is deposited This is filtered off and may be joined to a 
subsequent experiment or as a convenient excess of silver chloride 
IS at hand, it may be immediately transformed It would seem 
better to filter the ademne chloride solution after cooling and treat 


* Bruhns loc cit , p 533 

^ Bruhns states that adenine silver picrate loses picric acid when treated 
with ammonia and there remains adenme silver colored yellow by inclusions 
of adenine silver picrate (loc cit , p 557) The amount of importance 
which he attributes to this may be mferred from his use of the ordinary 
method (ibid , p 539) 
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the residual mixture of ademne picrate and silver chlonde durectly 
with ammoma, but the removal of the picrate acid is more easily 
effected when the two substances are separately dissolved in 
ammoma and their solutions umted 
Whatever alternative is adopted, the ademne chlonde solution 
IS shaken out with a small quantity of ether, neutralized with 
caustic soda and the ademne is precipitated with copper sulphate 
and sodium bisulphite The copper compound is decomposed 
with sulphuretted hydrogen and the ademne which is obtamed by 
evaporatmg the filtrate from silver sulphide is crjstalhzed out 
of hot 5 per cent sulphuric acid 
The convemence of this procedure over the older method is 
apparent, and the following data will show that the loss of ademne 
IS httle more than that which is necessarily mvolved m the crjs- 
tallization of the sulphate 


Initial adenine picrate 2 0S7 

Recovered from the sulphate mother hquors 0 379 
Sulphate equivalent to the difference 0 897 (90%) 

Adenme sulphate after two recrystallizationa 0 805 
Picric acid from ammoniacal filtrates 1 190 

Picnc acid from the adenine solution 0 075 


In the analysis of ammal tissues it does not usually happen that 
both hypoxa^thme and ademne are encountered m the same 
experiment, so that if ademne has been precipitated as picrate 
hypoxanthme will not be found m the filtrate, while m the absence 
of adenine no picnc acid is used and the search for hypoxanthme 
13 not thereby comphcated But m an exammation of muscle 
which as a rule is free from adenase, added ademne which survives 
the digestion must be precipitated with picric acid while the filtrate 
from this picrate contains the preformed hypoxanthme of the tissue 
together with the excess of picric aad which has been used Again 
It commonly happens that m the useof Kruger and Solomon’sscheme 
with tissue axtracts some xanthine escapes into the hj-poxanthme 
fraction and mil finallj be found in the filtrate from ademne picrate 
Finally, where one is obsermng the slow action of adenase flmds 
are obtained which contain both picric acid and hypoxanthme ' 

» See Voegtlin and Jones ZciUehr f phynol Chem , Ixvi, p 250 
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The Recovery of Adenine 

In all such cases it is better not to remove the picric acid from 
the solution with ether but to precipitate the purine compouni', 
with silver nitrate and ammonia Here as in the case described 
nearly all of the picric acid remains in solution and the small 
amount which is precipitated can be removed with a little ether 
after the silver compounds have been decomposed with hydro- 
chloric acid 

Note Folm’s method for the recovery of creatinine from creatinine 
pi crate by the use of potassium bicarbonate (Zeitschr f physiol Chem, 
xlvn, p 235) cannot be applied to the case in question as the greater part 
of the adenine remains with the potassium picrate 



ON THE COMBINED ACTION OF MUSCLE PLASMA 
AND PANCREAS EXTRACT ON GLUCOSE 
AND MALTOSE 

By P A LEVENE and G M MEYER 
(From the Roclefeller Institute for Medical Research, New Yorl ) 
(Received for publication, February 2, 1911 ) 

The discovery of pancreatic diabetes stimulated many investi- 
gations into the general problem of the influence of the pancreas 
on the process of sugar combustion on the animal organism It • 
seemed that the efforts of the mvestigators mto this problem were 
rewarded by a very rapid and complete success Several mvesti- 
gators almost simultaneously reached the conclusion that the pan- 
creas contamed a substance which facditated the combustion of 
sugar by the muscle However, to the brilliant work of 0 Cohn- 
heim' is due the prmcipal credit for having advanced substan- 
tial evidence in support of the theory that the pancreatic gland 
contained a co-enzyme to the enzyme present m the muscle, and 
that by the combined action of these two, the reducing power 
of a sugar solution is caused to dimmish The views of Cohnheun 
were assailed by Claus and Embden- but gamed general recog- 
nition through the mgemousness of the experiments, planned and 
carried out by Hall * 

The results of the mvestigations, until that work, were convinc- 
ing only m their contention that the combmed action of pancreas 
extract and muscle plasma on a sugar solution leads to a fall m 
Its reducing power They contained no effort to elucidate the 
chenucal process by which this phenomenon was accomplished 
The present investigation was planned with a view to fill this 
gap in the knowledge furnished bj the earher avperimen ts on the 

> Cohnheun, 0 Zcitschr f physiol Chem , xlu, p -iOl. 1904. xlvii 
p 253, 1906 > , . 

’ Claus and Embden Beilr : chem Physiol u Path , vi, p 214, 1905 
* Hall, G IV Amcr Jaurn of Physiol , xnu, p 2S3, 1907 
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combined action of muscle plasma and pancreatic extract on a 
sugar solution, and to interpret by this method the process of 
sugar combustion in the ammal organism All attempts, hoiveier, 
were futile to detect carbomc, formic, acetic or lactic acids among 
the products resulting from the apparent disappearence of sugar 
under the conditions of two experiments of Cohnheim and of Hal! 
At first glance there remained two possible interpretations oi 
the phenomenon of Cohnheim One, that the reaction of oxida 
tion did not proceed beyond the stage of formation of gluconic 
or saccharic acid, the other, that the disappearance of sugar was 
caused not by a degradation but by condensation of the glucOvC 
molecule The records of the experiments of Hall contain data 
which lend more support to the second of the above hypo- 
theses The figures m the tables of Hall demonstrate that the 
. highest percentage of sugar disappearance takes place when the 
mixture of muscle plasma and of pancreatic extract is allowed 
to act on a sugar solution of relatively high concentration 

The results of the present experiments have corroborated full} 
the observations of Hall on the influence of the sugar concentra- 
tion on the rate of its disappearance and thus have lent support 
to the condensation hypothesis 

This view found further support in results of the following 
experiments 

1 The reducmg power of a sugar solution, lowered by the com- 
bined action of muscle plasma and of pancreatic extract, was 
restored to its original height by boding with return condenser 
for two hours m the presence of 1 per cent of hydrochloric acid 

2 The same end was achieved in the following manner A 
concentrated sugar solution, which had lost part of its reducing 
power under the influence of muscle and pancreas mixture was 
diluted to ten times its original volume by means of a phosphate 
solution containing a new portion of the combined enzyme 
ture The mixture was then allowed to stand twenty-four hours 

3 It was possible to isolate from a sugar solution, which hac 
lost part of its reducmg power through the action of muscle plasma 
and pancreatic extract, an osazone, having the properties of a 
biosazone slightly contaminated by glucosazone The osazone 
isolated under these conditions contained 12 12 per cent of nitro- 
gen, while glucosazone requires 15 6 per cent of nitrogen, m 



P A Levene and G M Meyer 


99 


biosazone 10 73 per cent of nitrogen The method employed 
for isolatmg this osazone was practically the same that led Emil 
Fischer to the separation of isomaltose, and Craft Hill to the dis- 
covery of his disacchande 

The observation that the combined mixture of muscle plasma 
and of pancreatic extract possessed the power to hydrolyze the 
disacchande formed through its action on a concentrated solution 
of glucose, led the present wnters to test the action of an identical 
mixture on a solution of maltose It was noted that under these 
conditions maltose underwent hydrolysis The magnitude in- 
creased with the dilution of the maltose solution Under the 
action of pancreas extract alone, no change m the I'educmg power 
of the solution took place Muscle plasma alone caused a nse 
ID the reducing power of the solution, but, in a much less degree 
than did a nuxture of muscle plasma and pancreatic extract 
On the other hand, each of the parts of the mixture alone, 
remained without effect on glucose 

EXPERniENTU, PART 

Methods of Preparation of the Extract and of the Plasma 

a Muscle Pi_\sal\ Rabbits were used in all ex-periments, 
they were bled to death Skin and subcutaneous tissue was care- 
fully removed and all muscle rapidly separated from bone and 
tendon The muscle was passed through a hashing machine and 
neighed An equal volume of I per cent phosphate solution 
(made up according to Henderson to contain 9 parts of disodium 
phosphate and 1 part of the monosodium salt) was added If 
the solution remained acid more of a concentrated phosphate 
solution was added until the mixture reacted just alkahne to htmus 
The mixture was then allowed to stand for about one hour at a 
temperature of 1° C , pressed through cheese cloth till residue 
remained fairly dry , then thoroughly nuxed with sand and pressed 
by meins of a Buchner press at a pressure of 300 atmospheres 
All hqmds were combined 

b PxxcRE.\s Extilict IVeighed pancreas of a rabbit was 
thoroughlv ground up with sand, taken up in water, boiled and 
filtered The residue was extracted repeatedly with alcohol 
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The combined alcoholic and aqueous extracts were evaporated 
to dryness, taken up with watei and filtered 
All operations were carried out ivith every possible aseptic 
precaution Instruments, sand, measuring apparatus, etc , i\ere 
sterilized The parts of the Buchner press which came in con 
tact with the muscle during the process of pressing were kept (or 
twenty-four hours previous to the operation in 95 per cent 
alcohol, and washed with sterile phosphate solution immecbntel) 
before the beginning of the experiment 
Toluol and chloroform were used as antiseptics It was found 
that the addition of one or the other alone was insufficient to 
prevent bacterial growth 

The presence or absence of bacterial gro^vth was ascertained 
by means of microscopical examination (smears) and by cultures 
Only the solutions m which theie was a complete absence of bac- 
terial giowth were taken into consideration 
The writers are greatly indebted to Drs Lamar and Bronfen- 
brenner for the bacteriological examination of all solutions emploj- 
ed in this work 

SuGAK Estiaution For the estimation of the reducing power 
of the solutions they were freed from protein by heat coagula- 
tion A given quantity of the filtrate was boiled with Fehhngs 
solution, the cuprous oxide filtered through a Gooch crucible, 
redissolved in nitiic acid, reduced by sulphurous acid, and titrated 
according to the method of Volhard Sufficient solution wU’ 
taken m the comparative reduction estimations to make the dif- 
ference in reducing poaver reach values, which would not be 
affected by possible errors of the method 

An attempt was also made to apply the optical method of me is 
urmg the sugar concentration This method was not applit ibli- 
to the present experiments for the reason that little change w is 
observed in rotatory power of the sugar solutions even after i 
marked fall of its reducing power This, however, is not sur- 
prising for the reason that the condensation product ma> posstiS 
a higher rotatory power than glucose 

Experiments showing the influence of the concentration on the 
rate of disappearance of glucose will not be reported in a sej) irate 
paragraph, since evidence of it is contained m the experiments d 
all other series 
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A Experiments %n which an attempt was made to detect the products 
of oxidation of glucose 


Twentj-five cc of muscle plasma, 5 cc of glucose solution coutaming 
approximately 5 0 gm of glucose, 5 cc of a 10 per cent phosphate solu- 
tion, 5 cc of pancreas extract (0 8 gm of the gland to 100 cc of muscle) 
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Thirty-five cc of the solution which lost m reducing power a 
value corresponding to 0 5775 gm of sugar was acidulated with 
phosphoric acid and distilled into bariuni hydrate solution The 
distillate was filtered from barium carbonate by means of an 
arrangement wbch prevented, durmg the filtration, the access 
of the carbomc acid of the air The filtrate was titrated back 
with T 7 hydrochloric acid, usmg phenolphtalem as indicator The 
loss of barium hydrate caused by the carbomc acid of the dis- 
tillate corresponded to 15 5 cc of ^ banum hydrate solution, or 
to 0 045 gm of carbon dioxide The control on the enzyme mixture 
without glucose was not made in this instance The filtrate 
from the barium carbonate was again acidulated with phosphoric 
acid and distiHed into ^ sodium hydrate No volatile acids 
distUled over 


The residue from the first steam distillation was extracted with 
ether according to the process of Buchner and Meisenheimer but 
no lactic acid was detected To test the accuracy of the method 
It was apphed to the extraction of lactic acid from Liebig's beef 
extract The results were satisfactory 
Thus from this experiment it was evident that only a 
quantity of carbomc acid could be obtained from the product of 
reaction of muscle plasma and pancreatic extrac t- on a glucose 
solution And regarding this the possibiJrtxTre^^^^a^ded 
that the carbomc acid was present 
of the experiment ‘ 
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The following experiment aimed to test this possibility \ 
mixture of muscle plasma and pancreatic extract m the same pro- 
portions as were used for acting on glucose solution was tested for 
the presence of glucose before and after hydrolysis with h}dro- 
choloric acid Notwithstanding the fact that 10 0 cc of the 
solution were employed for each reduction expemneat the reault 
was negative 

A portion of the same mixture was allowed to actouasolutioa 
contaimng 19 0 per cent of glucose The solution lost 11 per 
cent of its reducing power in 24 hours Eighty cc of this solution 
was acidulated with phosphoric acid and distiUed with steam into 
barium hydrate solution It reqmred 18 5 cc of the alkali 
to satisfy the carbomc acid distilled from the solution 
Ninety cc of the original plasma and pancreatic extract solution 
distilled in the same manner developed an amount of carbonic 
acid equivalent to of 20 6 cc of lA barium hydrate solution 
It followed from this experiment that the carbonic acid I'as 
not derived from of the disappearing glucose 


B Experiments aiming to establish the influence of hydrolysis by 
means of hydrochloric acid on a glucose solution acted upon by 
a mixture of muscle plasma and pancreatic extract 


Experiment I Sugar solutions of various concentrations Mere 
acted upon by the enzyme mixture A sample of each mixture 
was analyzed for its sugar content at the begimung of the expe- 
riment, another after 24 hours and a third sample was taken at 
the same time, but prexnous to analysis it was hydrolyzed for two 
hours in the presence of 1 per cent of hydrochloric acid using a 
return condenser Each solution, for analysis, was diluted m 
the following manner 
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In the following tables are given the volume of each solution 
employed for the reduction test, the volume of sulphocyanide 
solution that it required to titrate the cuprous ovide reduced by 
it, the corresponding value calculated for one cc and the cal- 
culated sugar concentration 
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Thus in the last three dilutions it was noted that the highest 
proportion of disappearance of glucose corresponded to the high- 
est concentration and the lowest with the greatest dilution The 
absence of any action in experiment a lacks explanation 


EXPEKIUENT n 



0 

a 

>• 

0 

6> 

a 

ta 

D 

V 

CD 

z 

Q 

n 

z 

z 

a 

CO 

g 

58 

Z 

Sk 

0 

Ss 

0 » 

c? 

S 

0 

0 

a 

a 

A 

S 

0 

a 

0 

< 

£« 

if 

a 

a At beginning of expemnent 

0 5 

34 0 

68 0 

23 8 



After 34 hours 

0 5 

31 7 

63 4 

32 19 

1 61 

7 3 

After hydrolysis 

0 5 

33 7 

67 4 

23 59 



h At beginning of experiment 

0 25 

12 1 

48 

16 S 



After 24 hours 

0 23 

11 1 

44 4 

15 3 

1 5 

9 4 

After hydrolysis 

0 25 

13 0 

48 

16 8 



e At beginning of expemnent 

0 3 

15 9 

31 4 




After 24 hours 

0 5 

15 5 

1 

31 0 

10 35| 0 64 

6 0 










104 Action of Muscle Plasma and Pancreas Extract 

EXPEBIilENT III 


Glucose and Pancreas Extract 
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• 10 cc of muscle plasma gave no appreciable reduction 


C Experiments aiming to show the action of muscle plasma and 

of pancreatic extract on the product of condensation of glucose 

The first part of the experiment was performed m the same 
manner as m the experiment of the previous senes After the 
presence of condensation was demonstrated, the solution ivas 
diluted by means of one per cent phosphate solution, a new portion 
of plasma and of pancreatic extract was added, and the solution 
diluted to one-tenth of its original concentration It was then 
allowed to stand m thermostat in the presence of toluol and 
chloroform Before analysis the solution was again tested for 
the presence of bacterial growth 
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E'^PEalMENT I 
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D Separation of the biosazone formed from glucose by the com- 
hned action of muscle plasma and of pancreatic extract 

A solution of glucose which originally contained 120 gm of 
glucose, was acted upon by muscle plasma and pancreas extract, 
It lost part of its reducing power correspondmg to 10 per cent of 
glucose The solution was made up to a volume of 120 cc and was 
treated with 25 0 gm of phenylhydrazme dissolved m glacial acetic 
acid The solution was then placed m a boilmg water bath ^Vfter 
an hour the first precipitate of osasone was removed by filtration 
The filtrate placed on a water bath for another hour and the 
second precipitate of glucosazone was removed trom the hot 
solution This operation was repeated four times and the final 
hot filtrate was allowed to cool in the refrigerator at -1 0° G On 
coohng an osazone separated out This was removed by filtra- 
tion, dissolved in alcohol, allowed to stand over night in the refrig- 
erator The clear solution was diluted with hot water, and on cool 
mg again an osazone crystalhzed The treatment with alcohol was 
repeated The final osazone was recrystalhzed from water con- 
taimng pyridme It consisted partly of microscopic plates The 
substance sintered at 190-195° C and had a melting point of 200® C 
(uncorrected ) 

For analysis the substance was dried m a vacuum toluol bath 
over phosphorus pentoxide 

0 1000 gm aubatance gave 10 7 cc of nitrogen at 764 mm and 22' C 

Calculated Calculated „ , 

for for Found 

CMHnOcN* CuHoNiOi 

N 10 73 15 56 12 12 

In a second experiment performed in exactly the same manner 
the osazone contained 12 4 per cent of mtrogen 

E Experiments on the action of muscle plasma and of pancreatic 

extract on maltose 

The experiments of this senes were planned exactly m the same 
manner as those with glucose Also the methods of analysis were 
the same In one experiment the action of the pancreas extract 
alone and of the muscle plasma alone were tested The resulU 
of the experiment are recorded m the following table 
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Maltose and Pancreas Extract 



O 

a 

a 

U 

8 

m 

z: 

o 

R 

R 

1 ^ 

Z 

kE 

25 a 
, 8- 

2® 

a3^ 

O ^ 

ss 

e* 

. a 

1 

S 

o 

o 

a 

Cm 

3 

O 

a 

a 

o 

•< 

H 

"3 

2o 

Cm 

a 

At beginning of expemnent 1 

2 a 1 

18 8 

7 52 

4 36 




After 24 hours 

2 5 

18 7 

7 48 

4 33 

0 

0 

b 

At beginning of expemnent 

2 5 

14 7 

5 88 

3 41 




After 24 hours 

2 5 

16 5 


3 23 

0 188 

5 4 

c 

At beginning of experiment 

2 5 

17 6 

7 04 

4 07 




After 24 hours 

2 5 

22 1 

8 84 

3 52 

0 477 

11 7 























GENERAL METABOLISM WITH SPECIAL REFERENCE 
TO MINERAL METABOLISM IN A PATIENT WITH 
ACROMEGALY COMPLICATED WITH GLYCOSURIA 


BtF MEDIGRECEANU and L B31ISTELLER 

{From the Rockefeller Inelilute for Medical Research and the Chemical 
Laboratory of the Montefiore Hospital, Heio York ) 

(Received for publication, February 2, 1911 ) 

In 1886 Mane had occasion to observe morphological changes 
in the pituitary gland m the course of acromegaly and on the basis 
of this, attributed to the organ an important function m regu- 
lating metabolism The pubhcation of his work stimulated much 
investigation mto the r6le of the pitmtary body m the metabolism 
in health and disease The earliest of these researches belong to 
Schiff' On two patients with acromegaly comphcated with 
myAoedema there was noted a retention of phosphoric acid On the 
same patient after treatment with tablets of the eompressed pit- 
uitary gland, the phosphoric acid metabohsm was altered, and a 
daily loss of the substance took place instead of the retention 
A similar influence of the treatment with the gland was noted m 
a patient with paralysis agitans, while the metabolism of a normal 
individual was not affected by the treatment The author inter- 
preted these pecuharities of metabolism by the wastmg of 
bones, for the reason that the change m the mtrogen output was 
insignificant as compared with that of phosphoric acid 

Four > ears later Aloraczewski- tested the effect of treatment 
with the pituitary bodj on the metabohsm of patient with acrome- 

* Schiff, A HvTJophysis m ihrer Emwirkung auf dea menschlichen Or- 
ganismua IVtcn klin Woch No 12, 1897 
Bewnflussung des Stoffw-echseU durch Hypophjaia- und Thyroidea Pra- 
parate Zcitschr f Uin Ifcd , xvoi, Suppl p 239, 1897 
’ V Moraczewaki Stoffwechsel bei Akromegabe, Zeitsehr f khn Med , 
xhii, p 336, 1901 

lop 
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galy complicated with glycosuria He noted a tendency towanl^ 
retention of mtrogen and of chlorine and a very marked retention 
of phosphorus and of calcium After treatment with tablets of 
the dried pituitary gland the nitrogen and chlorine output were 
leversed causing a negative balance of these substances, while 
in regard to phosphoric acid and to calcium there persisted i 
retention In course of the experiment the patient lost 3 kilos 
m weight 

Edsall and Miller^ published their observations on two patients 
"With acromegaly one in the active, the other, in the resting stage 
In both patients there was noted a retention of mtrogen, and of 
phosphoric acid In the patient m progressive stage of the disease 
there was observed also a retention of calcium Theproportion 
of phosphoric acid retention was high as compared with that of 
calcium, which led the authors to the conclusion, that m course 
of the disease the hypertrophy was not limited to the bones, but 
extended to other tissues The patients were maintained on a 
rich diet Franchim^ observed in one patient with acromegaly a 
retention of nitrogen, calcium and magnesium The sulphur, 
chlorine and phosphorus metabolism was normal 
Mendel,* hkewise observed a change m chlorine and phos- 
phorus metabolism and a retention of mtrogen Tauszk and Vas‘ 
reported a slight retention of nitrogen and of phosphoric acid, 
and an increase in calcium output Treatment with tablets of pit- 

uitary body remained without influence on the general metabolism 
Recently very careful observations on a patient with acromegaly 
were made by Oberndorfer ® The results of his observations led 
him to no defimte conclusion regarding the character of the met- 
abobsm in this condition The variations m the nitrogen output 
were explained by the low intake The slight retention of phos- 

1 Edsall and Miller Chemical Pathology of Acromegaly, J/ed Bull , Univ 

of Penn , xvi, p 143, 1903 / u i 

’ Franchini Ricambio materiale in acromegalia, Biol Scien f 41^“ 
Bologna Ann 75, Ref , Block Centralbl p 522, 1905 
3 Mendel Ref , Deutsch vied Woch , p 1975, 1906 
< Tauszk and Vas Perlei Med Chic Presse, 1899, Ref / ahrb f Ncuro , 

^^‘^Oberndorfer, E Ueber den Stoffwechsel bei Akromcgalie, Zeitschr f 
Utn Med , 1908, hv, p 6 
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phone acid and loss of calcium m the author’s opmion did not 
exceed the variation m the output of these substances m health 
The authors expressed a degree of scepticism also regardmg the 
finding of defimte abnormalities of metabohsm m acromegaly by 
other writers On the other hand a very recent private commum- 
cation of Parhon corroborates the observation of those authors 
■who report a retention of phosphoric acid and of calcium 
It IS natural that the reports of the chmeal observations should 
have stimulated a number of experimental mvestigations on 
flnimpls on the influence of the pitmtary body on the character 
of the general metabohsm 

Oswald^ experimented on a dog and failed to establish any 
defimte peculiarities m the phosphoric acid output after the ad- 
ministration of the powdered pitmtary body Malcolm’ also 
experimented on dogs and noted the follo'wmg After admims- 
tration of the anterior lobe m dried form there occurred a retention 
of mtrogen and of phosphoric acid and a loss of calcium and mag- 
nesium The administration of the posterior lobe resulted m a 
retention of mtrogen and a loss of phosphoric acid, followed by 
a retention of calcium There was no loss of magnesium After 
feeding the fresh gland, the character of the mtrogen and of 
calcium balance was reversed when compared ■with that after 
feedmg of the dried gland The author made the assumption 
that the destruction of some active substance takes place m the 
process of drymg the gland 

Thompson and Johnston’ fed dogs on glands dried at45-60°C 
and noted an increased output of mtrogen and of urea, and, m a 
smaller degree, of phosphoric acid Very noteworthy ivas them 
observation that the administration of glands of young aniTnnlg 
caused a more marked change m the metabohsm 
Franchim^* experimented on rabbits and gumea pigs He 

* Oswald, A Die Chemie und Physiologie des Kropfes, Virchow's Archtp 
cLxix, p 444. 

’ Malcolm, J On the Influence of Pituitary Gland Substance on Met- 
abolism, Joum of Physiol , xxx, p 270 
’ Thompson, W H and Johnston, PC M Note on the Effects of Pituitary 
Feeding, Journ of Physiol , iroaii, p 1S9 
‘ Frahchmi, G Die Funktioa der Hj'pophjse und die Wirkungen der 
InickUonihrcsExtractesbeiTieren.Aerf Klin ITocA , 1910, pp 613, 670, 
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injected intravenously sterile extracts of the pituitary bodj of 
cattle and of the horse He noted a marked loss m cakmm, 
magnesium and phosphoric acid output, following the treatmoat 

Mochd experimented on rabbits, injectmg subcutaneously sus- 
pensions of the gland He observed a slight loss of nitrogen, a 
very marked one of phosphoric acid and of calcium The authors 
attributed the changes to the destruction of osseous tissue caused 
by the treatment 

A review of the work of the various observers strikes one by the 
lack of uniformity in the results of their observations and b\ 
the lack of harmony m their conclusions The cause for this may 
be found m the fact that the chmcaJ observations were made on 
patients kept on different diets, on patients m different stages of 
the disease, and under treatment with the pituitary body prepared 
m various ways The influence of the peculiarities of e\er) 
experiment were not sufficiently considered in the mterpretatioa 
of the results obtained through it 

The present investigation was earned out on a patient with 
acromegaly in its resting stage, complicated with glycosuria 

In view of the fact that the comphcation could obscure the 
character of the metabohsm conditioned by acromegaly it was 
concluded to direct the first attention on the abatement of the 
comphcation This offered the opportumty to study the pecu- 
harities of acromegaly-glycosuria It was funner planned to 
make an attempt to ascertain the connection between the course 
of the glycosuria and the function of the pituitary body It was 
hoped to ascertam this connection by testing the carbohydrate 
tolerance of the patient before and after treatment with extracts 


of the various parts of the hypophysis 

In relation to the study of the peculiarities of uncomplicated 
acromegaly attention was directed to the nitrogen, and calorific 


requirement for the purpose of maintaining the nitrogenous 
eqiuhbnum, and especially towards the peculiarities of the min- 
eral metabohsm It was realized, that m this disease, noted 
for its very slow progress, the daily deviation of the metabolism 
from the normal may be too insignificant to be detected by the 


1 Mochi, A II Mcambio dell N, P e Ca nei coneh trattati con idjetiom 
di estratto di ipofisi, Htv dt Pal rev e menl, xv, p tor, 1910 
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existing methods of analysis This consideration made it desirable 
to compare the pecuharities of metabolism in the normal course 
of the disease and after administration of the extract from the 
various parts of the hypophysis 

Of the two prmcipal theories on the pathogenesis of acromegaly 
one tended to mterpret the symptoms of the disease by exaggerated 
function of the gland and the other by a depression m its activily 
If the first assumption is correct, the pecuharities of the acromegaly 
metabolism should be mtensified by the administration of the 
gland-extract, m the other case, there should be observed a ten- 
dency towards a return to the normal metabobsm after treatment 
with the same extract 

The extract employed m this experiment was prepared by Drs 
Sachs and Beebe, m the following manner The anterior lobes 
of five glands, freed from connective tissue, were ground up with 
the addition of sterile physiological salt solution m a sterile 
mortar The mixture was made up to a volume of 100 cc and 
filtered through a Berkfeld filter The filtrate was kept in stenle 
flasks It had a clear, nearly colorless appearance and contamed 0 2 
per cent mtrogen The extract was kept m the refngerator The 
fresh extract was employed in the experiments (The glands 
were exammed microscopically previously to their use for the 
extracts ) Two observations were made on the patient Durmg 
each observation the patient received 0 2 cc of the extract on the 
first da> of the experiment, and 0 -1 cc on the second 
The injections were followed by a number of distressing symp- 
toms There developed a transitory rise of temperature with an 
increase m the pulse rate The patient suffered from headache, 
showed loss of appetite No local reaction at place of injections 
could be detected 


History of the -patient 

The patient tlbert M native of Russia, 2S j ears of age, married, 

tailor by occupation No excesses in the use of alcohol or tobacco, no 
record of an> specific disease \t the age of 12 recened an injury in’ the 
back, following which developed epileptic attacks They continued untd 
the age of IS Thcj ceased then, and at the same time the increase in sue 
of the fingers and of the feet became apparent to the patient Later also 
the enlargement of the jaw became evident In \pnl of this year, patieat 
developed symptoms of diabetes Because of the^e entered the hospital 
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Changes in skeleton excepted, patient presented no abnormal phjsical 
symptoms 

Wassermann and Noguchi teats negative 

Methods of Analysis 

Analysis was made of urine, feces, and food stuffs ^ 

Nitrogen was estimated according to the Kjeldahl-Gunning method 

Ammonia by the Folm-Shaffer method 

Acetone was estimated volumetrically 

Glucose was determined by Fehhng’s solution m the usual manner The 
cuprous oxide being filtered off and estimated volumetrically The valuei 
for sugar estimated accordmg to Allihn’s tables 

Total Ash as sulphates 

Chlorides after Volhard Feces and food staffs were previously chaired 
with sodium carbonate 

Total Sulphur as barium sulphate after previous fusion in a mutuia ol 
sodium hydrate (prepared from sodium) and of potassium nitrate Gaso 
line flame was used 

Phosphoric Aad was estimated m the urme volumetrically, potassium 
ferrocyamde being used as mdicator In feces and food stuffs gravimetn 
cally, after previous fusion m the same manner as for sulphuric acid esti 
mation 

Sodium and Potassium as chlorides from the sulphates 

Calcium gravimetrically as the oxide 

Magnesium, gravimetrically as pyrophosphate 

The results of the observations are recorded m the foUowng 
tables On the so called antidiabetic ward diet the daily output 
of sugar by the patient fluctuated between 100 and 150 grams 
After the reduction of the carbohydrate intake to 30-45 grams 
per day with a simultaneous increase in the fat intake, the symp- 
toms of glycosuria gradually disappeared, and after a short time 
the tolerance of the patient for carbohydrates increased, so that 
he could be maintained on a diet containing over 100 grams o 
carbohydrates, and stood a test of 165 grams carbohydrate intake 
without developing any symptoms of glycosuria The patient 


1 With the exception of the mineral analysis of the drinking water, of rice, 
of potato, of butter and of eggs The values for these were calculate on 
the basis of the data in Konig’s Textbooh The data of the composUioa oi 
the drinking water was kindly furnished to us by Dr Atkinson, of the 
York Board of Health 
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remained on approximately the same diet through the time of 
treatment with the gland extract and did not develop any symptoms 
of glycosuria, although the treatment was followed by a senes of 
unpleasant symptoms Thus these observations harmonize with 
the view of those authors who consider glycosuria as an accidental 
occurrence, not resultmg from any faulty secretion of the pitui- 
tary body It 13 unfortunate that the symptoms foUowmg the 
injections of the extract were so impleasant to the patient, that 
it was impossible to test the influence of the e ctract of the other 
parts of the gland 

Regardmg the mtrogen metabohsm and the distnbution of the 
mtrogenous substances m the urme there were comparatively 
few pecuhanties durmg the natural course of the disease The 
mtrogen requirement was comparatively high, smce it was diffi- 
cult to establish m the patient a condition of nitrogenous eqm- 
libnum on a diet contaimng less than 17 grams of mtrogen per day 
The mtahe durmg practically the entire tune of the observation was 
equivalent to 35 Calories per kilo weight of the patient Under 
the mfluence of the gland extract treatment the mtrogen output 
of the patient exceeded his intake on the diet which sustamed bun 
previously m a state of equihbnum FoUowmg the second mjection 
of the extract, the patient was unable to take his usual diet, and 
this resulted in a still higher negative mtrogen balance, than after 
the first injection 

Quite stnkmg are, however, the results of the analysis of the 
mineral metabohsm 

Phosphoric Acid In the period preceedmg the treatment with 
gland a tendency towards retention of phosphonc acid was observed. 
After treatment with the extract the output of phosphoric acid 
increased, bringing about a loss of the substance In the mterval 
between the two penods of treatment, there was noted a ten- 
dency towards reestablishment of an equihbnum m the output of 
the substance 

Calcium Also in regard to this substance there was noted a 
retention in the period previous to the treatment, and a loss imme- 
diately foUowmg the treatment 

^lagnesium It was not possible to obtam exact data regardmg 
the intake, but the change m the output of magnesium after 
treatment made it justifiable to assume that there was a loss of 
tlua substance 
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Sulphuric Acid The output of this substance showed an ap 
proach to equilibrium (slight retention) in the period preceding 
the treatment and a loss following it 
Potassium With one single exception a varying retention of 
this substance was observed m course of all the observatioib 
Sodium and Chlorine, showed parallelism in their output Tk 
balance was negative during the periods of treatment and approach 
an eqmhbnum m the intervals 
Whether or not the changes m the mineral metabolism effected 
by the injection of the extract resulted from a specific action, 
or from the general rise of metabohsm cannot be ascertained with 
absolute certainty From a consideration of the ratios of the 
mtrogen output to the output of individual mineral substance^ 
during the period preceding the first treatment, the impression is 
gamed that the changes in the salt output were not produced merel) 
by the increase in the general metabohsm 

Thus the ratios in the normal period were as follows 


N 

N 

N 

Tot Aah 

Cl 

SOi 

17 

17 „ 


— ‘=0 85 

=2 


20 

8 48 

2 5 


U 

N 

N 

Ji. 

PjOi 

No 

E 

CaO 

17 


_iL-7 

17 

=6 

2 86 

17 3 ^ 

4 33““^ 

2 33°" 

121 


Calculating on the basis of these ratios the expected output of 
mineral substances on a mtrogen output of 22 6 grams andcompar* 
ing the figures with those actually obtained on analysis, the follow- 
ing data are obtained 



Asa 

Cl 

SOa 

PaOi 

No 

E 

CaO 

Calculated 

27 0 

11 3 

3 23 

3 86 

4 60 

3 23 

1 ICO 

Found 

27 8 

9 89 

4 89 

4 22 

5 61 

3 39 

1 i-* 



+1 41 

-1 66 

-0 42 

-1 00 

-0 16 

-0 12 


This table shows that the output of all mineral constituents 
with the single exception of that of chlorine exceeded the ca 
ciliated values The chlorine retention might have been cause 

by the rise of the body temperature 

Following the second injection there was practically no rise i 
the mtrogen output over the preceding period, though the ba ante 



F Medigreceanu and L Knsteller 117 

was negative; — the output of other mineral substances calculated 
on the basis of the ratio of the period preceding the first treatment 
does not show the same high values as after the first injection 



AJ3H 

Cl 

SOj 

PiOs 

Na 

K 

CaO 

Calculated 

Found 

25 4 
29 4 


3 08 
3 OS 


3 0 
3 24 

1 54 
1 46 


■ 

IfliP 

Iliii 

0 

+0 loj+l 03 

-0 24 



Thus durmg this period only the chlorine output markedly 
exceeded the value calculated for a mtrogen output of 21 6 
grams Of course it is necessary to bear m mind that durmg 
this period the intake of the patient was very low 

SUMJURY 

1 In the present case of acromegaly compheated with glycosuria, 
the latter symptom followed the usual course of glycosuria 

2 The carbohydrate tolerance was in no way affected by the 
injections of the extract of the anterior lobe of the hypophysis 

3 Following the injection of the same extract there was noted 
a general rise of metabohsm 

•1 Followmg the same injection there were noted pecuhanties 
m salt metabolism, which could not be interpreted on the basis 
of the rise of the general metabohsm 

The clinical observations were made by Dr S Wachsman, Med- 
ical Director of the Hospital and by his assistants The authors 
wish to express their appreciation of the interest taken by him in 
this nork The authors also wish to acknowledge their indebted- 
ness to kliss Cecil Silverquite for her assistance m preparing the 
diet charts 
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TABLE r 


\ 

DATE JULY 1 uniNH 

IflIO j 

SPEC QRAA 

1 feces’ 

1 1 iotilN 


! CC 

1 


gma 


1 5^1 


1 

1 



Intake 

1 l<)o2 

7-9 

10S2 

1 023 


[Urine 

' 1j31 





Output 1 Feces 

1 0 71 





[Sum 

16 02 





Balance 

+15 




11 6 

• 






Intake 

19 ->2 

10-14 

1152 

1 028 


[ Urine 

16 12 





Output 1 Feces 

0 71 





[Sura 

16 S3 





Balance 

+■’19 





Intake 

19 19 





[ Urine 

20 o2 

15-17t 

1483 

1 025 

33 0 

• Output < Feces 

2 11 





[sum 

22 C6 





Balance 

-1 17 





Intake 

19 29 





[ Urine 

20 So 

lS-20 

' 1433 

' 1 027 

10 3 

Output < Feces 

71 





[Sum i 

21 o6 





Balance 

-1 27 





f Intake 

1178 





1 [Urine 

20 lo 

21-23J 

1463 

1 023 

17 0 

Output 1 Feces 

1 11 





[Sum 

21 d6 





Balance 

—6 71 




f 

Intake 

10 76 




: 

[ Urine 

24 10 

24-26 

1307 

1 025 

18 7 j 

Output 1 Feces 

0 Si 





I Sum 

21 91 




' [Balance 

-7 76 



1 

1 

— - 

- 


• \11 the figures etcoptlng those In this column represent dslly avernges 
1 1 5 prams of this amount nere given In an enema 
i Experlmeatal period 
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Table L— Otjotinued 


total ash 

Bl 


Na 

K 

CaO 


gms 

0m« 

gmu 

OTTia 

om4 

gms 


gms 


6 22 

2 69 

2 91 

3 40 

3 216 



14 16 

3 84 

2 18 

2 45 

2 86 

1 86 


0 ISO 

I 06 


0 24 

0 34 

— 

0 199 

0 339 

0 0S2 



2 42 

2 79 


2 059 

1 169 

0 262 


fO 38 

+0 37 - 

fO 13 - 

fo 54 

fl 157 




6 13 

2 66 

2 83 

3 43 

4 429 

1 451 


19 23 

8 48 

2 305 

2 52 

4 33 

2 137 


0 205 

1 06 


0 240 

0 34 

— 

0 199 

0 339 

0 082 



2 545 

2 86 


2 336 

1 242 

0 287 


~3 35 

+0 115 

-0 01 

-0 90 

+2 093 

+0 209 

1 



6 20 

2 878 

3 393 

3 644 

6 021t 

1 

1 483 


24 38 

9 70 

2 99 

3 370 

5 480 

2 675 

1 120 1 

0 256 

3 48 

0 19 

1 90 

0 852 

0 136 

0 724 


0 180 


9 89 ' 

4 89 

4 222 

5 616 

3 399 

1 712 

0 436 


-3 69 

1 

-1 912 

-0 839 

-1 978 

+2 633 

-0 339 



620 

2 878 

1 

3 393 

' 3 644 

4 521 

1 485 

• 

20 60 

7 90 

3 12 

3 340 

4 50 

2 396 

1 03 

0 228 

1 23 


0 168 

0 211 

i 

0 216 

0 20 

0 050 



3 288 

3 551 ' 


2 612 

1 25 

0 278 


-1 70 

-1 41 

-0 158 

-0 8S6 

+1 909 

+0 235 



4 91 

2 302 

2 766 

2 776 

3 136 

1 356 


27 32 

9 IS 

2 744 

3 030 

4 282 

3 01 

1 123 

0 192 

2 11 


0 341 

0 477 

0 097 

0 235 

0 341 

0 133 



3 0S5 

3 507 

4 379 

3 245 

1 464 

0 324 


-4 27 

-0 7S3 

-0 731 

-1 60S 

-0 109 

-0 m 



4 99 

2 514 

2 071 

2 845 

3 152 

1 432 

1 

1 

12 12 

2 82 

3 568 

3 788 

0 827 

2 56 

1 218 

* 0 229 

2 31 


0 353 

0 496 

0 117 

0 238 

0 466 

j 0 149 



3 821 

4 284 

0 944 

2 798 

1 684 

j 0 3/8 



+3 17 

-1 597 

~3 313 

1^^ 

BB 

-0 353 

1 
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TABLE II 


Diet Daily intake, July 1910 



7-9 

lO-U 

15-17 

18-20 

21-'’3 

21-'5 

Water, Tea, Coffee 

CC 

1860 

CC 

1770 

CC 

1630 

CC 

1770 

CC 

1660 

et 

1770 

Sour Cream 

540 


390 

390 

440 

3S0 

Sweet Cream 

270 

270 

180 

ISO 

ISO 

ISO 

Bread 

gm 

gm 

gm 

gm 

gm 

on 

100 


HI 

100 

87 


Beef 

160 



210 

123 


Beef Cubes 

4 

4 

4 

4 

2 7 

27 

Eggs 

96 

98 

188 


156 


Butter 

56 

76 



43 


Rice 

25 

25 

25 

25 

17 

17 

Cucumbers 

100 

mH 



67 

67 

Potatoes 





130 


NaCl 

3 

3 

3 

3 

2 

2 

Calories 

2970 

3000 






TABLE III 

Mineral Composition of the food 
(Grams m parts per hundred ) 



Cl 

SOa 

PsOs 

Na 

IC 

CaO 

Water* 

0 000215 

0 000351 


0 000267 

0 000207 

0 OOloSl 

Sour Creamt 

0 096 

0 087 

0 209 

Traces 

0 304 

0 1S4 

Sweet Creamt 

0 08 

0 037 

0 131 

0 014 

0 108 

0161 

Beeft 

0 094 

0 435 

0 49 

0 116 

0 379 

0 021 

Breadf 

0 58 

1 32 

Traces 

0 039 

0 433 

0 162 

Beef Cubest 

37 8 

0 73 

1 97 

21 66 

1 3 29 

0 451 

Cucumbersf 

1 342 

0 039 

0 044 

0 775 

0 141 

1 0 0115 

Bggst 

0 0962 

0 0342 

0 426 

0 1808 

0 155 

0 lies 

RiceJ 

0 0086 

0 0086 

0 406 

0 49 

1 45 

0 01 

Potatoest 

0 026 

0 0496 

0 126 

0 0207 

0 466 

0 020 


• Analjzed by Board of Health of New York 
t Anal j zed by Authors 
J Calculated from Kanlg 


















OH THE PRESENCE OF HISTIDINE IN PIG THYREO- 
GLOBULIN 


Bt FRED C KOCH 

{From the Laboratory of Biochemistry of the University of Chicago ) 

(Received for publication, February 8, 1911 ) 

Nuraberg* in his studies on thyreoglobulin from beef thyroids, 
earned out the usual Kossel method for the quantitative separation 
of the hevone bases He was able to identify argmine and ly- 
sme, but stated that he did not obtam enough histidme dichlonde 
crystals to defimtely establish its presence 
FoUowmg essentially the same methods in a study of hog thy- 
reoglobulin I was able to separate histidme dichlonde m sufficient 
quantities to identify it The thyreoglobuhn was extracted from 
the dried, almost fat-free hog thyroids* by 0 75 per cent sodium 
chloride solution, precipitated by an equal volume of saturated 
ammomum sulphate solution The precipitate was redissolved 
and reprecipitated thus three tunes, agam dissolved in water, 
dialyzed until free from sulphate, and finally precipitated by two 
volumes of 95 per cent alcohol On hydrolysis and analysis by 
the Kobsel-Osbome methods the followmg results were obtamed 
'from the Kjeldahl mtrogen determinations m the various fractions 



VUBNBBaa 3 
Bi:aui.T3 OS 
BBZjr THTB.EO-* 
GLOBCUN 

BESULTS O'* 

PIO THTREO- 
CLOBCU^ 

Ammonia Nitrogen 

Per cent of lie j 
IcLJ niirvffcn 

5 27 

Per cent of tie 
tutJ nitrogen 

5 14 

Arginine Nitrogen 

S 71 

11 7 

Histidme Nitrogen 

4 92 

5 14 

Lj sine Nitrogen 

12 33 

12 57 


‘ Biochem ZeiUchr , xvi, p 87, 1909 
The raw material for this work was furnished bj the Armour Laboratory 
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Histidine in Pig Thyreoglobulin 


No attempt was made to compare the weight of histidine dichlor- 
ide crystals obtained with the amount calculated from the nitro- 
gen determination on an ahquot part of the histidine fractioa 
These crystals were the characteristic prisms arranged m clustera, 
gave a very strong diazo-reaction, and after recrystallizing three 
times from concentrated hydrochloric acid, melted^ at 233-23o’ 
C Nitrogen estimations by the Kjeldahl method gave low r^ 
suits, but so also does pure histidine dichlond eobtamed from beet 
hemoglobin, as the following figures show 


Crystals (recrystalhzed three times) 
Crystals (recrystalhzed four tunes) 
Histidine dichloride from beef hemoglobin 
Theoretical for C 6 H 3 NJO 22 HCl 


PEB cat 
'flTROOE') 

17 M 
17 45 
17 7S 
IS 44 


I wish to express my thanks to Prof A P Mathews for sug- 
gestions and interest in this work 

1 Kutscher (ZeiiscAr f physiol Chem , xxvm, p 383) gave the meltins 
point as 231-233®C 



THE FATE OF BEHZOYLACETIC ACID Df THE ANIMAL 

BODY 


By H D DAKIN 

(From the Herter Laboratory, 819 Madtson Avenue, New York ) 
(Received for publication, February 11, 1911 ) 


Studies upon the fate of the phenyl derivatives of fatty acids 
have thrown much hght upon the possible transformation which 
the naturally occurnng fatty acids may undergo m the course of 
their catabohsm Of these mvestigations of phenyl denvatives 
that upon phenylpropiomc acid has been particularly illunnnat- 
ing By mjectmg cats with the sodium salt of this acid, it has 
been possible to determine the formation of the foUowmg inter- 
mediate substances m addition to the end product of oxidation, 
benxoic acid, which is excreted in the form of hippunc acid * 


Phenyl-jS-hydroxy-propionic 
Cinnamoyl-glycocoll 
Benzojlacetic acid 
Acetophenone 
Hippunc acid 


C^Hj CHOH CHi COOH 
C,H» CH CH CO NH CH, COOH 
C.Hj CO CH, COOH 
CiB, CO CH, 

CeH, CO NH CH, COOH 


The relationships between these substances are somewhat 
comphcated but they furmsh a very striking demonstration of 
the essential accuracy of Knoop’s hypothesis of the oxidation of 
fatty acids at the j3-position - 

The relationship between acetophenone and benzoylacetic acid 
IS evidently similar to that between acetone and aceto-acetie 
acid and all the evidence available tends to the behef that the 
ketones are derived from the ketomc acids by an irreversthh re- 
action In the case of the other substances the relationships are 
more complex The unsaturated cinnamic acid readilj passes 

■This Journal, iv, p 419, 190S, \, p 303, 1903, vi, p 203, 1909 

‘Knoop Bfiir : phyjsiol u path Chcm , m, p 155,1004 
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Fate of Benzoylacetic Acid 


over m part into phenyl-/3-hydroxypropionic acid,' while ad- 
ministration of salts of phenyl-/?-hy(iroxypropioiuc may result 
m the excretion of cinnanuc acid derivatives The change here 
IS evidently a reversible one 

CjHjCHCHCOOH CeHj CHOH CH* COOH 

Tt has been shown that both cinnamic acid and phenyI-(J-o\-j. 
propiomc acid when administered as salts to cats may yield ben- 
zoylacetic acid (and hence acetophenone) 

CjHs CH CH COOH CeHs CHOH CHj COOH 

\ t-' 

CaHs CO CHa COOH 

It appeared not improbable that these reactions might also 
prove to be reversible, especially in view of the fact that Blum,* 
Dakm,^ Wakeman,^ Friedmann and Maase^ have recently inde- 
pendently demonstrated the formation of l-d-hydroxybutync acid 
by the asymmetric reduction in the body of aceto-acetic acid 

Experiments made a year ago with the object of determimug 
this question showed that the reaction was m fact reversible 
Sodium benzoylacetate when given intravenously or subcutane- 
ously to cats in addition to yielding hippuric acid as observed bj 
Knoop, in part was transformed into Imvo-rotatory phenyi-^- 
hydroxypropionic acid and cinnamoylglycocoll In the mean- 
time Friedmann® arrived at the same conclusion although he did 
not succeed in isolating the B-hydroxy-acid He obtained a 
Isevo-rotatory acid soluble m ether which gave cinnamic acid on 
heating with hydrochloric acid These results might equally nell 
be due to the corresponding glycocoll derivative, CjHs CHOH 
CHo CO NH CH. COOH, the synthesis of which has been de- 
scribed m this Journal Since the writer had been succesiful 


^This Journal, vi, p 203, 1909 
Hlunch vied Woch, No 13, 1910 
^Thia Journal, viii, p 97, 1910 
‘This Journal, vin, p 105, 1910 
^Biochem Zeitschr wvii, p 474, 1910 
‘Btochem Zeitschr wvn, p 119, 1910 
?This Journal, v, p 303, 1908 
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m actually isolating the pure Isevo-rotatory phenyl-^-hydroxy- 
propionic acid and found its properties to agree with those of the 
active acid resolved by McKenzie the results appeared worthy 
of record 

The details of the experiments are given m the followmg pages 
The yield of phenyl-/3-oxypropiomc acid was relatively large, that 
of cinnamoylglycocoU was considerably less Considerable amounts 
of unchanged benzoylacetic acid and acetophenone were always 
found in the urmes 

In picturmg the possible reactions concerned m the oxidation 
of phenylpropiomc acid to benzoic acid in the animal body, it 
will therefore be necessary to take cogmzance of the possible 
reversible interconversion of phenyl-/3-bydroxybutync acid and 
benzoylacetic acid The following scheme is m harmony with 
the facts so far as at present ascertained 

C.Hs CHjCHi COOH 



hwro-Ca, CHOH CH, COOH C,H, CO CHs COOH->C.H, CO CH, 



CiH, CH CH COOH C^Hs COOH 

i i 

C.H, CH CH CO NH,CH, COOH CJi, CO NH CH, COOH 

The expenmental part of this paper also contains an account 
of the demonstration of the excretion of cinnamoylglycocoU when 
a solution of sodium cinnamate together with glycocoU was slowly 
injected into the femoral vein of cats The amount of this sub- 
stance recovered was, however, surpnsmgly smaU 

EXPERIiTEXTan PiRT 

Benzoylacetic ethyl ester was prepared accordmg to Claisen’s 
directions by the hrhited action of ammoma upon the sodium 
salt of benzoj 1-aceto-acetic ester The reaction proceeds smoothly 
and gi\cs an excellent jield of the ester b p 155-160° at 16mm 
pressure This method is decidedly more convement than any 
of the older methods of preparation 
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Benzoylacetic acid was prepared by the sapoaiGcation of (fee 
ester as follows 19 2 grams of the ester were shaken with 102 ce 
of cold normal sodium hydrate solution After standing for 
twenty-four hours, the solution was filtered from a little oil and 
acidified with sulphuric acid An abundant precipitate of cr\ 
stalhne benzoylacetic acid was obtained and an additional quan 
tity was recovered from the mother hquor by extraction with ether 
The yield of acid was 14 grams 

Three experiments were made to determine the fate of ben 
zoylacetic acid m the body In two of these 2 0 and 2 5 grams 
of the acid were neutralized with caustic soda and injected sub- 
cutaneously into cats In the third experiment the sodium salt 
corresponding to 3 grams of the acid was injected slowly in dilute 
aqueous solution into the femoral vein of a cat From the rota- 
tions of the ether extract of the urmes it was calculated that the 
amount of jS-hydroxy-phenylpropiomc acid excreted in the urme 
amounted to 0 8, 1 1, 0 5 gram respectively The methods of 
urinary analysis were the same m each case so that a general 
description will suffice 

In each case a portion of the urme was acidified and shaken 
with ether The ethereal extract was dissolved in a little alcohol 
and tested with fer^’ic chloride A positive reaction for unchanged 
benzoylacetic acid was invariably obtained Another portion 
of the urme was distiUed with phosphoric acid The distillate 
gave the typical reactions for acetophenone strongly and on adding 
an acetic acid solution of p-mtro-phenylbydrazme, a sparmglj 
soluble hydrazone was at once precipitated, which after recrys- 
talhzation from dilute alcohol melted at ISi-lSS”, corresponding 
to acetophenone p-mtro-phenylhydrazone 
The remaimng urme was acidified with phosphoric acid an 
extracted in a contmuous extractor with ether The etherea 
extract was distilled in steam to remove volatile fatty acidsf 
clarified with charcoal and the concentrated solution examine 
in the polanmeter A strong laevo-rotation was observed m 
each case corresponding to the amounts of l-phenyI-/3-hydroxj' 
phenylpropiomc acid previously recorded The bydroxy-aci 
was separated as follows The solution was concentrated to srnal 
volume and allowed to crystallize The crystals consisting o 
a mixture of cmnamoylglycocoll and hippuric acid were filtered 
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ofi and reserved The filtrate was twice shaken out with ether 
The ethereal extract on evaporation left a chalky mass of the 
crude hydroxy-acid contaminated with some hippunc acid The 
hydroxy-acid was separated by extraction with boding chloro- 
form but did not crystalhze on evaporation of the solvent On 
dissolvmg m water, however, and allowmg the solution to stand 
a good yield of fine colorless needles of the pure phenyl-^hy- 
droxypropiomc acid was readdy obtamed The substance, after 
recrystalhzation from bodmg toluene melted sharply at 115-116° 
Its properties agreed m every respect with those of the laevo-acid 
recently obtained by ilcKeuiie and Humphries^ by the resolution 
of inactive phenyl-^-hydroxniropiomc acid 


Analysis 0 0963 gm gave 0 2280 gm COj and 0 0530 gm H5O 



Found 

Calculated for 
CoHuOa 

Carbon 

64 6 

65 1 

Hydrogen 

6 1 

6 0 


A small amount of the crystals served for the approximate 
determination of the optical rotation The value obtained was 
very close to that determined by McKenzie and Humphries 

1 = 1, c=2 65, a=0 49% tap'>°= -18 5° 

On bodmg the crystals for a few mmutes with ddute hydro- 
chloric acid and subsequently coohng, an abundant precipitate 
of cinnamic acid, m p , 132-133°, was readdy obtamed 
The crude crystals consisting of a mixture of hippuric acid and 
cmnamoylglycocoll separated m an early stage of the analysis and 
previously referred to, amounted to about 1 0 grams from the three 
experiments On recrystalhzmg repeatedly from hot water a 
small quantity of pure cmnamoylglycocoll m p , 192-193°, crys- 
tallizing m the form of long shinmg needles was obtamed The 
substance dissoKed m dilute sodium carbonate solution instantly 
reduced dilute potassium permanganate solution with production 
of benzaldehy de The amount of pure substance was not sufficient 
for analysis 


'Trans Chcm Soc, xc%ii,p 121,1910 
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Two experiments were made m which a solution containing 
3 0 grams of cinnamic acid m the form of its sodium salt and 2 0 
grams of glycocoll dissolved in 150 cc of water was slowly in 
jected into the femoral vein of large cats The time of injection 
was between three and four hours and the mixture was evidentl} 
toxic The urines secreted from both cats after the admmistra 
tion of the cinnamate was exammed for cnmamoylglycocoU bv 
the methods which have so frequently been made use of previou-h 
In each case between 0 1 and 0 2 gram of cmnamoylglycocoU was 
separated from the urine The separation of this substance from 
accompanying hippuric acid involves considerable loss but taking 
this into consideration the yield of cmnamoylglycocoU was sur- 
prisingly small 


SUMMARY 

Benzoylacetic acid (2-3 grams) admimstered to cats in the form 
of its sodium salt either intravenously or subcutaneously results 
in the excretion in the urine of cmnamoylglycocoU and of Imvo- 
rotatory phenyl-/3-hydroxypheny]propiomc acid The formation 
of the latter substance is completely analogous to the asymmetric 
reduction in the ammal body of aceto-acetic acid to f-hydro\y- 
butyric acid observed by Blum, Dakin and Wakeman and Fried- 
man and Maase 

The Z-/3-hydroxyphenylpropiomc acid was isolated from the 
urines in the pure state and had properties identical with thosC 
of the acid recently obtained by McKenzie and Humphries by the 
resolution of inactive phenyl-j3-hydroxypropiomc acid by means 
of alkaloids 

The experiments throw further light upon the mode of cata- 
bohsm of phenylpropiomc acid These changes are represented 
diagramatically on page 125 jS-Hydroxyphenylpropiomc acid and 
benzoylacetic acid are mutually interconvertible in the ammal 
body by means of reversible reactions involving oxidation and 
reduction respectively 

Experiments are described showing that an excretion of cmna- 
moylglycocoll may follow thae intravenous injection of sodium 
cinnamate and glycocoU The yield is poor, however 



CONCERNING NUCLEASES 
By WALTER JONES 

(From the Laboratory of Physiological Qhemistry, Johns Hopkins 
University ) 

(Received for publication, February 21, 1911 ) 

The terra nuclease is usually understood to designate a ferment, 
almost or quite universally present in animal glands, through "whose 
agency nucleic acid is decomposed ivitb the hberation of purme 
bases ivhich thus become directly precipitable by the reagents 
commonly employed for this purpose But an exanunation of the 
experimental emdence upon which this definition rests will show 
that it IS ambiguous and very unsatisfactory Jwanoff^, who first 
used the term, found that when certam moulds (jPemalhum glau- 
cum and Aspergillus niger) are grown upon thymus nucleic acid, 
directly precipitable purme bases make their appearance, and as 
the active agent here concerned was found mcapable of hquefymg 
gelatine, Jnanofi concluded that he was dealmg not "with trypsm 
but with a ferment specially adapted to the decomposition of 
nucleic acid But E Salkowski- had long smce proven that m 
aqueous extracts of various ammal glands, free purme bases appear 
as digestion proceeds at the body temperature Salkowski’s 
results show that each gland is supphed "with an active agent that 
can effect the decomposition of some nucleic acid present m that 
particular gland but there is no assurance that the ferment of one 
gland can decompose the nucleic acid of another gland Nor does 
a studj of the structure of the nucleic acids mdicate such a proba- 
bihtj The recent "ftork of Levene and Jacobs^ has proven that 
all of the n ell knonn substances belongmg to this group are chem- 
ically constituted after the same general tipe, that is to saj, in 
0% cry one of these compounds, a phosphoric acid group is hnked 

‘ Jwanoff Zcitschr f physiol Chcm , p 31 

Salkowski ibid! , Tin, p 500 

* Li,\(-uc and Jacobs Bcf d d chem Gcs , xli, "clu, \hu 
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to a nitrogenous ring by a group of d-ribose While this essential 
“nucleotide” structure is common to all nucleic acids, individual 
differences in the mtrogenous rmgs and in reduphcation of molecule 
are so great that one would be somewhat surprised to find one 
physiological agent that can decompose them all 

In order to exarmne carefully mto this question it was determined 
to make a close study of the behavior of guanylic acid when it is 
allowed to remam at the body temperature m contact with aqueous 
extracts of various ammal glands which were known to contam the 
ferment guanase The reasons for this selection and the justifi- 
cation for the conclusions finally drawn will appear from the fol- 
lowing considerations It is somewhat difficult to decide whether 
or not a ferment has brought about the decomposition of a nucleic 
acid unless the decomposition is complete The methods for the 
recovery of the undecomposed nucleic acid are so poor that one 
cannot always decide whether a partial disappearance of the sub- 
stance IS due to ferment action or to analytical error A search 
for the decomposition products is also attended with some uncer- 
tainty for the precipitation of purine bases with reagents is preven- 
ted by the piesence of residual nucleic acid, and an attempt to 
remove this interfering substance might easily result in a removal 
also of purme bases or m the hberation of purine bases which would 
be more confusing The employment of guanylic acid avoids 
difficulties of this nature The substance is a mononucleotide 
which yields only one purine base (guamne) and its presence in a 
solution does not prevent the precipitation of free purine bases 
either by copper reagent or by silver reagent 

Gland extracts rich in guanase were chosen because m such ex- 
tracts guamne is never found as an end product of ferment action 
If a ferment be present which splits off guanine from a nucleic acid, 
the base will be promptly converted into xanthine Thus one is 
scarcely concerned with the precautions usually employed in the 
isolation of the products, in fact the products of digestion may even 
be submitted to hydrolysis with boiling rmneral acid if thi^ be 
found desirable No confusion can arise concermng the origin of 
the products, for guamne always means “acid hydrolysis,” never 
“gland action,” and the findingof guanine without ademne suggests 
not only “acid hydrolysis,” but “acid hydrolysis o' guanylic 
acid ” 
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Proceeding upon these principles it was easily proven that an 
extract of ox spleen can rapidly effect the decomposition of guanyhc 
acid giving rise to xanthme but that an extract of pig’s pancreas 
cannot After a comparatively short digestion of guanyhc acid 
with an aqueous extract of ox spleen the product is found rich 
m xanthme directly precipitable by silver mtrate and ammoma, 
and correspondmg m amount to the guanyhc acid employed 
The complete disappearance of guanyhc acid is shown by the fact 
that hydrolysis of the products of digestion does not produce gua- 
mne With pigs pancreas the matter is entirely different At 
the end of a prolonged digestion of guanyhc aad with an aqueous 
extract of this gland, the product contains only a small amount of 
purme material that is directly precipitable This free purme 
material is evidently not attributable to the added guanyhc acid 
smce it contains both xanthme and hypoxanthme and is found as 
well m a digested gland extract to which no guanyhc acid has been 
added If now the products of digestion be boiled with sulphunc 
acid free guanme becomes abundantly present without the simul- 
taneous appearance of even a trace of adenme Plamlj , ox 
spleen contains a ferment guanylase which decomposes guanyhc 
acid but pig’s pancreas does not The remote possibihty that 
pig’s pancreas can spht phosphoric acid from guanyhc acid, 
giving rise to guanosm is ignored until detennmations of phos- 
phoric acid can be made 

The result obtamed with ox spleen might have been expected, 
that with pig’s pancreas is a httle surprising, especially as the speci- 
men of guanyhc acid employed had been prepared from pig’s 
pancreas The httle that is known on the subject would lead 
one to suspect that the pancreas contains a ferment “guanjlase;” 
for m all directions for the preparation o' guanj he acid from this 
gland the reader is warned to use perfectly fresh tissue and to heat 
the aqueous extract as rapidly as possible to the boihng pomt 
These precautions suggest that guanj he acid disappears from the 
gland when conditions are brought about which are favorable to 
autodigestion In order to test this question an examination was 
made of the products of autodigestion of pig's pancreas In accord- 
ance ivith former experiments reported from this laboratory * it 

* Jonea and Partridge Zeilschr / physiol Chem , xlu, p 343 
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was found that as autodigestion proceeds, free xanthine and hypo- 
xanthine appear, but neither guanine nor adenine can be found 
among the products But if the products of autodigestion be 
boiled with sulphuric acid, an excessive amount of free guamne 
appears without the simultaneous appearance of ademne This 
suggests that the native guanyhc acid of pig’s pancreas survives 
an autodigestion of the gland 

The results described serve to explain a disputed point Six 
years ago when the writer was engaged in a discussion of the inde- 
pendent existence of guanase and adenase an article appeared by 
Schenck^ in which it was claimed that m the self-digestion of pig’s 
pancreas, hypoxanthine and guanine are abundantly produced 
but that neither ademne nor xanthine can be found among the 
products This author was good enough to explain that his re- 
sults pointed clearly to the existence of two desamidases, one of 
which could not be present in the pancreas Schenck’s findings 
would have been effectively used in the argument referred to had 
he obtained his results with some other tissue but the wntei’ was 
at the time thoroughly convinced that the pancieas can desamid- 
ize guanine and adenine with equal ease Since the results de- 
scribed in this paperwere obtained, the article of Schenck was again 
referred to when it was noticed that he boiled theautolysed pioduct 
■with mineral acid before determining the purine bases The guan- 
ine which he obtained was not an autolytic product but was pro- 
duced by acid hydrolysis of the guanyhc acid which survived auto- 
lysis How Schenck failed to find xanthine among the products 
IS more difficult to explam for this base is a never failmg autolytic 
product of pig’s pancreas 


EXPERIMENTAL PART 

The guanyhc acid used m this work was prepared from pig’s pan- 
creas by the method which Steudel and Bnegl describe for the 
preparation of the substance from ox pancreas ’ 

1 Schenck Zeitschr f physiol Chem , \Im, p 406 
- Jones and Partridge loc cii 

’ Steudel and Bnegl Zeitschr f physiol Chem , Ixvin, p 40 
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The gland extracts were made by agitating one part of the trimmed and 
ground gland with three parts of distilled water in tightly corked bottles 
which contained a sufficient amount of chloroform to prevent putrefaction, 
The guanyhc acid was added sometimes to the mixture of gland and water 
sometimes to an extract that had been stramed through hnen 
At the end of the digestion the product was boiled and filtered and the 
purme bases precipitated with copper sulphate and sodium bisulphite 
When the product was to be hydrolysed, sulphuric acid was added (2000 cc 
of 20 per cent acid per hter of fluid) and the material was boiled briskly 
for one hour After neutrahzmg most of the sulphuric acid with caustic 
soda, the punne bases were precipitated wuth copper sulphate and sodium 
bisulphite The copper precipitate was decomposed with sodium sulphide 
and the emulsion broken up with sulphuric acid which was purposely used 
mstead of acetic acid and was added m considerable excess The yellow 
filtrate from copper sulphide without neutrahzmg the sulphunc acid, was 
treated with copper sulphate and sodium bisulphite and this second cop- 
per precipitate decomposed as was the first with sodium sulphide and 
sulphunc acid By this substitution of sulphunc acid for acetic acid 
danger of losmg guanine 13 avoided and in the second precipitation of 
the copper compounds, colonng matter is held in solution so that the 
final filtrate from copper sulphide is always colorless This solution was 
made strongly alkahne with ammoma and treated with a moderate excess 
of an ammomacal solution of silver nitrate The silver compounds thus 
precipitated were decomposed with hydrochlonc acid, and after evaporation 
of the filtrate from silver chloride the pale yellow residue was ground with 
hot water and treated with the proper excess of ammoma for the precipita- 
tion of guamne In cases where guarune was obtamed the base was dis- 
solved in very dilute caustic soda, precipitated with acetic acid, suspended 
m boilmg water and brought mto solution with the smallest possible amount 
of sulphunc acid The pale yellow solution was boiled with a very small 
quantity of animal charcoal and filtered when a solution was obtamed from 
which ammoma precipitates snow-white guamne Some of the specimens of 
guanine were analysed, others were converted mto the ciystallme chlonde 
which was analysed 

The ammomacal filtrate from guamne was boded until free from ammoma, 
5 CO of 20 per cent hydrochloric acid were added and the solution was evap- 
orated just to dryness on the water bath The residue was extracted with 
0 S per cent hydrochlonc acid at 60 ° By this procedure a very small quan- 
tity of xanthme passes mto solution but no hypoxanthine remains undis- 
solved which is almost sure to be the case when the separation of the bases 
IS made strictly according to the directions of Kruger and Solomon 

The crude xanthine was purified through its mtrate and the free base 
analyzed 

The different bjdrovmthme fractions were variously dealt with In no 
case did a drop of the solution produce an immediate precipitate with picric 
acid, but occasionallj solutions were obtained in which picric acid produced 
a cloudiness on standing an hour or more These i\ ere products of the com- 
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bined autolysis and hydrolysis of pig’s pancreas where the tune of autolysis 
was short By treating such solutions with a great excess of picric acid and 
allowing to stand over night minute quantities of a picrate were formed 
which on recrystalhzation appeared as pale yellow silky hairs resembling 
adenine picrate 

In all cases hypoxanthine was purified by means of its mtrate and analysed 
as free base In the purification of this substance quantitative relations 
were often lost m an attempt to prepare products that gave no response to 
the xanthine color reaction The amounts of hypoxanthine however, can 
have nothing to do with matters under discussion in this paper 

From a large amount of data the following are selected as suf- 
ficient to prove the statements of this paper 


1 Ox Spleen and Guanylic Acxd 


Strained aqueous extract of the gland (l 3) 300 cc 

Guanyhc acid 600 mg 

Equivalent guamne 216 mg 

Chloroform 5 cc 

Digestion at 40°, 3 days 

Bases isolated without previous acid hydrolysis 
Xanthine found 254 mg (N = 37 3 instead of 36 8) 

Guanine absent 

Adenine absent 

The crude xanthine contained a small amount of uric acid which was de- 
stroyed in the purification of the base through its nitrate 

Strained aqueous extract of the gland (1 3) 300 cc 

Guanyhc acid 000 mg 

Equivalent guanine 216 mg 

Chloroform 0 cc 

Digestion at 40°, 2} days 

Bases isolated after previous acid hydrolysis 
Xanthine found 268 mg (N = 37 00 instead of 36 8) 

Guanine absent 

Adenine absent 


Strained extract of this gland (1 3) boiled 
Guanyhc acid 
Equivalent guamne 
Chloroform 


300 cc 
600 mg 
216 mg 
5 cc 


Digestion 3 days at 40° , u ^ nt 

Free purine bases present only m very small amount, so that the proau 


was boiled vith sulphuric acid 
Guanine found 
Xanthine 
Adenine 


202 mg (N = 46 1 instead of 46 4) 

traces 
uncertain traces 
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Ox syleen contains an actue agent.destroyed by heat, through tchose 
agency guanyhc acid under goes hydrolysis with liberation of guanine 
This free guanine is of course immediately converted mto 
xanthine by the guanase of the tissue 


3 Pig’s Pancreas and Guanyhc Acid 


Ground pancreas 

2S0mg 

Distilled water 

840 cc 

Chloroform 

16 cc 

Guanyhc acid 

1 8 gm 

Equivalent guanine 

659 mg 

Digestion of 40®, 6J days 



The product contained only a small amount of punne material directly 
precipitable by silver mtrate and ammoma and was therefore boiled with 
sulphuric acid 

Guanme found 905 mg (N = 46 30 and 46 4 instead of 46 36) 

Guamne of a check test to which no guanj he acid was added 359 mg 
Xanthmefound 172 mg 

Xanthine of a check test 165 mg 

As may have been expected there is some loss of guanine (or guanjhc acid) 
but there is no mcrease of xanthine which corresponds Adenine was ab- 
sent The hypoxanthine fraction was treated with a great excess of picnc 
acid and allowed to stand over mght There was no suggestion of a precip- 
tate, j et a drop of the fluid responded promptly to a drop of 0 25 per cent 
adenine sulphate 


Stramed extract of pancreas 400 cc 

Guanyhc acid 500 mg 

Equivalent guanme 230 mg 

Chloroform 7 cc 

Digestion at 40®, 5 days 


The product was hydrolyzed with boiling sulphuric acid before the bases 
were isolated 


Guanine found 246 mg 

Guamne of a check test about 10 mg 

Xanthme too small in amount to punfy 

Ademne absent 

The guanine uas converted into the chloride which was analjsed 
H 0 = 15 94 instead of 16 11 


N = 37 10 instead of 37 33 


3 Pig’s Pancreas and Guanine 

Strained extract of pig’s pancreas (l^) 

Guanine chloride (m alkab) 

Equiv alent guanine 
Chloroform 


400 cc 
400 mg 
2b7 mg 
5 cc 
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Concerning Nucleases 

Digestion at 40°, 5 days 

Xanthine found 294 mg (n = 36 6 instead of 36 S) 

Guanine absent 

Guanase is present in pig’s pancreas This experiment is given to con- 
firm the previous work of Jones and Partridge which was called somewhat 
into question by Schenck’s work on the self digestion of this gland 


J Pig's Pancreas and Adenine 


Strained extract of pancreas (13) 

400 cc 

Ademne sulphate (in alkali) 

400 mg 

Equivalent adenine 

267 mg 

Chloroform 

Digestion at 40°, 5 days 

5 cc 

Hypoxanthine nitrate found 

350 mg 

Equivalent hypoxanthine 233 mg 

stead of 41 2) 

(Free base analysed N=41 4 in- 

Adenine 

absent 

The presence of adenase in pig’s pancreas has been assumed from the con- 

duct of the tissue in self digestion but so 
reported here for the first time 

far as I can remember the proof is 


5 Self-digestion of Pig's Pancreas 

Into a number of 4 L bottles were placed 1 K of trimmed and ground 
fresh pancreas with 3 L distilled water and 60 cc of chloroform The 
vessels were tightly closed and allowed to remain at the body temperature 
for various intervals of time As each portion was removed the fluid was 
boiled and filtered After removal of the fat with a separating funnel, two 
portions of the fluid of 3 L and 1 L respectively were measured out In 
the larger portion the purine bases were directly determined and the num- 
bers divided by three The smaller portion was hydrolyzed with sulphuric 
acid before determining the purine bases The results are given in the 
table in milligrams hypoxanthine was not estimated 


TIME OF A.UTOLY8I8 

AUTOLTSIS ALONE 

1 AETOLYBia AND ACID HYDROLYSIS 

Guanine 

Adenine 

Xanthine 

I Guaulno 

Adenine 

Xanthine 

17 hours 

0 000 

0 000 

151 

384 

8 

160 

44 hours 

0 000 

0 000 

160 

402 

19 

161 

66 hours 

0 000 

0 000 

142 

386 

000 

171 

168 hours 

0 000 

0 000 

155 

399 

000 

169 

240 hours 

0 000 

0 000 

139 

397 

000 

ISO 


The gland evidently contains a mixed nucleic acid and its cor- 
responding nuclease Guanine and adenine are liberated as diges- 
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tion proceeds, but are immediately converted mto the correspond- 
mg ovypurmes by the guanase and adenase present This reaction 
appears to be very rapid for the free vanthme at the end of 240 
hours is no greater than at the end of 17 hours 

It IS exceedmgly difficult to estimate both isnnthme and hypo- 
vanthme in the same specimen so that the hypovanthme was sacri- 
ficed to vanthme whose detenmnation bears more directly upon 
the matters here discussed But hypovanthme was always found 
present 

Why the xanthme is shghtly but uniformly mcreased by hydroly- 
sis, I cannot say, but am mclmed to beheve that its copper com- 
pound IS shghtly more soluble m the flmd that has not been hydro- 
lyzed The trace of ademne found m the shorter digestions is 
probably due to mclusions that are broken up as digestion proceeds 

The important matter is the sharp appearance of g u a nin e with- 
out ademne when the product is hj drolyred with acid, the amount 
bemg mdependent of the duration of digestion Thus the native 
guanjhc acid of pig’s pancreas survives the autodigestion of 
the gland 

The following experiment was made before the distribution of 
ferments m pig’s pancreas' was known or even suspected and the 
results seemed scarcely credible Arranged as a laboratory ex- 
periment, It can be employed to compel one through his curiosity 
to an imderstandmg of nuclem fermentation A mixture of 500 
grams of pig’s pancreas with 1500 cc of distilled water and 30 cc 
of chloroform is placed m a tightly closed vessel and allowed to 
digest at 40 ” Material that has been left m the thermostat and 
forgotten will be well enough The product is boiled and filtered 
and, takmg the text-book cue, the solution is treated withsulphunc 
acid and boiled io remove interfering substances The preponderat- 
mg purme compound is guamne which can easily be isolated and 
purified One will obtain about 1 0 gram of guamne after full 
purification through the chlonde A portion of this guamne is 
dissolved m caustic soda and digested with a httle fresh extract of 
pig’s pancreas for several days at 40° For the sake of umformity 
the product may be boiled with sulphuric acid Xanthme will be 
found m great preponderance and guamne will be so small m 
amount as to altogether escape detection Thus to all appear- 
ances guamne obtamed from digested pancreas extract is con- 
verted by pancreas extract mto xanthme 




THE CATABOLISM OF PHENYLALANINE, TYROSINE 
AND OF THEIR DERIVATIVES 

ByA. J WAKEMANandH.D DABIN 
{From the Herler Laboratory, 819 Madison Ave , New Yorl ) 

(Received for publication, February 16, 1911 ) 

The study of alcaptonuna has yielded restdts of much value 
upon, which to base speculations as to the mode of catabolism 
of the aromatic ammo-acids, phenylalanine and tyrosme, m the 
normal and alcaptonunc organisms As is weU known these 
two anuno-acids, both of them important derivatives of protems, 
are apparently completely catabohzed m the normal organism 
with production of ammoma or urea, carbon dioxide and water, 
while m the case of the alcaptonunc both the ammo-acids yield 
homogentisic acid This latter reaction is very remarkable 
and involves a rearrangement of the relative positions of the side- 
cham and hydroxyl groups m tyrosme and also the mtroduction 
of a second hydroxyl group This type of change is associated 
with the intramolecular rearrangement of substances possessing 
a qumonoid structure 

The inference was natural that a substance of qumonoid struc- 
ture IS the precursor of homogentisic acid^ Neubauer- as the 
result of his extensive mvestigations has mdicated the important 
part which the a-ketomc acids play m representmg an mtermediate 
stage between the a-ammo-acids and the correspondmg fatly 
acids with one less carbon atom Embden’ on the other hand has 
shown that not only phenylalanme and tyrosme but also homo- 
gentisic acid yield aceto-acetic acid and acetone on perfusion 
through an excised normal hver 

With these basic facts for gmdance Neubauer has constructed 
the followmg scheme to represent diagrammatically the catabolism 
of tyrosine and of phenylalanme m the normal organism 

*E Meyer Deulsch Arch f him Med , boc, p 447, 1901 
O Neubauer Ibid , xc, p 211, 1909 

^Beitr z chem Physiol u Path , viu, p 153, 1906 
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It will be seen from this diagram that 

(1) Phenylalamne is represented as being converted mto 
tyrosine or mto para-hydroxyphenylpyruvic acid (through the 
stage of phenylpyruvic acid) by mtroduction of an hydroxyl 
group m the para-position 

(2) Para-hydroxyphenlypyruvic acid is represented as bemg 
converted into a substance of qumonoid structure which by mtra- 
molecular rearrangement passes over mto 2 5-dihydrox3fphenyl- 
pyruvic acid, the latter substance yieldmg homogentisic acid by 
oxidation 

(3) The homogentisic acid thus formed undergoes decomposi- 
tion with formation of “acetone bodies” mvolvmg disruption of 
the benzene rmg ‘The “acetone bodies” (aceto-acetic acid, 
acetone and jS-hydroxybutyric'acid) are then finally oxidized to 
carbon dioxide and water 

Nenbauer, following the majority of other worker^ upon this 
subject, regards homogentisic acid as a normal product of the cata- 
bolism of tyrosine and of phenylalanine Alcaptonuna is regarded 
as a condition in which there is simply a failure to deal vnth a 
normal product of intermediary metabolism, namely homogentisic 
acid 

From the results of experiments upon the fate of the deriva- 
tives of phenylalamne and of tyrosme m the normal and alcap- 
tonuric orgamsm we are of the opmion that Neubauer’s repre- 
sentation of the normal catabohsmof phenylalamne and of tyrosine 
will require considerable modification The reasons for this opm- 
ion are as follows 

(1) No evidence has been put forward that phenylalamne 
undergoes hydroxylation in the aromatic nucleus under normal 
conditions Injections of phenylalamne, so large that much 
appears unchanged in the urme, fail to evoke any excretion of 
phenohc substances including homogentisic acid - 

(2) It IS improbable that either a substance of qumonoid 
structure such as is represented by Neubauer as a precursor of 
homogentisic acid or homogentisic acid itself is formed m the 
course of the normal catabohsm of phenylalamne and tyrosme 


‘For literature references see This Journal, vxu, p 11, 1910 
’Cf Dakin This Joumnf, \i, p 235, 1909 
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The evidence for this is based upon the fact that para-methylpheny- 
lalamne and para-methoxy-phenylalanine^ (tyrosine-methyl-ether) both 
substances which by reason of their constitution cannot be con- 
verted into para-quinonoid denvaiives, undergo practically complete 
oxidation in the noi mol organism in precisely the same fashion as 
phenylalanine and tyrosine do 

(3) Para-methylphenylalanine and pai a-methoxy-phenylalanine, 
together with the corresponding ketonic acids, para-methyl-phenyl- 
pyrumc acid and para-methoxyphenylpynmc acid, all of them sub- 
stances incapable of yielding para-quinonoid denvaiives yield 
aceto-acetic acid and acetone when perfused through the surviving 
liver of the dog 


COOH 

1 

COOH 

1 

COOH 

1 

COOH 

1 

1 

CHNHs 

1 

1 

CHNH 2 

1 

1 

CO 

1 

J 

CO 

1 

1 

CHj 

1 

CH 2 

A 

1 

CHj 

A 

1 

CHj 

A 

CH, 

0 

OCH, 

0 

CH 3 

0 

OCH, 


Para-methyl- Para-metho\y- Para-methyl- Para-methoxy- 
phenylalamne phenylalanine phenylpyruvic phenylpyruvic 

Acid Acid 

It IS therefore clear that the senes of 1 eactions resulting in the pro- 
duction of aceto-acetic acid from tyrosine does not necessanly depend 
upon the pnor formation of either a guinonoid intermediary substance 
or of homogentisic acid 

(4) The fact that substitution of the hydrogen atom m the 
para-position in phenylalanine by a methyl or methoxyl group 
does not interfere with its undergoing catabohsm m the normal 
orgamsm along similar hnes to those of phenylalamne itself, is 
additional evidence supporting the view that phenylalanine is 
not necessarily converted into tyrosine in the course of its break- 
down in the ammal body 

(5) The most convmcing evidence that the type of change which 

iThe experiments with para-methoxy-phenylalanme have already been 
reported This J ournol, viii, p 11, 1910 
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in the alcaptonuric results in the conversion of tyrosine into 
homogentisic acid is not the only route for the aromatic ammo- 
acids to follow IS found m the fact that if the previously mentioned 
synthetic ammo-acids, para-methylphenylalamne and para-metb- 
o\y-phenylalanine are fed to an alcaptonuric, they are, withm 
reasonable limits, completely ovidized It therefore follows that 
even the alcaptonuric is provided with a mechanism for the oxi- 
dation of the aromatic nucleus of ammo-acids, provided that their 
conversion mto homogentisic acid is prevented by smtable sub- 
stitution m the para-position (Cf the foUowmg paper ) 

Ass umin g that the above raised objections to Neubauer’s for- 
mulation of the normal course of catabolism of phenylalanme and 
tyrosme are sustamed, the next step is obviously to try and sub- 
stitute some other scheme which is more m harmony with the 
facts The question at present practically assumes the form of 
trymg to picture the conversion of tyrosme mto aceto-acetic 
acid (smce this change has been demonstrated by Embden and 
others), without the mtermediary formation of homogentisic 
acid In considermg the formula for tyrosme the possibihty 
presents itself that the carbon atoms adjacent to the hydroxyl 
group m the para-position nught m the course of some molecular 
rearrangement be converted mto /J-hydroxybutyric acid, which 
would m turn be oxidized to aceto-acetic acid and acetone 

COOH 

I 

CHNH, 

I 

CH, 

-> CH, CHOH.CH, COOH 
OH 

This view is, however, imtenable, m view of the formation of ace- 
to-acetic acid and acetone from ammo-acids m which no hydroxyl 
group in the para-position can be mtroduced, owmg to that 
position being already substituted We are thus led to consider 
the portion of the tjTosme molecular to which the side-cham is 
attached It is certain that the carboxyl group present in the 
tyrosine or phenylalamne molecule is not identical with that which 




144 Catabolism of Phenylalanine 

appears m the aceto-acetic acid molecule Neubauer’s results 
indicate most cleaily the intermediary formation of a-ketomc 
acids followed by their oxidation with formation of an acid with 
one fewei carbon atom When this is taken into account, along 
with the fact that aceto-acetic acid and acetone formation from 
phenylalamne derivatives is not inhibited by substitution m the 
para-position and furthermore the fact that benzene itself may 
be oxidized in the ammal orgamsm to muconic acid,^ it appears 
practically certain that 'phenylalamne or tyrosine yields aceto- 
acetic acid in such a ivay that the cai bon atom of the carboxyl group 
and that in the a-position in aceto-acetic acid are derived from the 
a and /3 carbon atoms of the phenylalamne side chain while the re- 
maining /3 and y carbon atoms of the aceto-acetic acid molecule aie 
derived from two adjacent carbon atoms in the benzene nucleus The 
fact that phenylacetic acid does not yield aceto-acetic acid when 
perfused through a surviving liver may possibly be taken as indi- 
cating that disruption of the aromatic ring occurs prior to the 
oxidation of the a-ketonic acid in the a-position At present we 
have not sufficient evidence to completely fill m the whole of the 
intermediate steps in the series of reactions but the scheme on 
the following page indicates the particular carbon atoms which it 
IS believed are concerned m the formation of aceto-acetic acid 

This view of the formation of aceto-acetic acid furnishes an explan- 
ation of the very different behavior of phenylalanine and of phenl- 
serine, CaHe CHOH CHNH 2 COOH, in the ammal body = The 
latter has been shoivn by one of us to yield hippuric acid when 
administered to cats and this failure to undergo complete oxida- 
tion in the body may fairly be ascribed to the impossibility of 
the formation of aceto-acetic acid from this substance owing to 
the presence of the hydroxyl group m the position adjacent to 
the benzene nucleus The behavior of phenylserine m the body 
may be taken as additional evidence of the correctness of the sug- 
gestion put forward as to the mode of catabohsm of phenylalamne 
and of tyrosine 

The fact that phenylamino-acetic acid and phenyl-a-amino- 
butyric acid in contrast to phenyl-a-ammopropiomc acid (phenyl- 

‘Jaffe Zeilschr f physiol Chem , Lxu, p 58 

‘This Journal, vi, p 238, 1909 
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alanine) do not undergo complete oxidation m the animal body, 
the benzene nucleus m both cases re main i n g mtact is readily 
axplained on the basis of the foregoing hypothesis as to the mode 
of catabohsm of phenylalamne and tyrosme Neither phenyl- 
amino-acetic acid nor phenyl-a-ammobutync acid can for struc- 
tural reasons yield aceto-acetic acid in the same way as phenyl- 
alamne and tyrosme do, if the suggested mechanism of the for- 
mation of the latter substance is correct 
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To sum up, it appears probable from a consideration of all the 
available evidence that of the mne carbon atoms m phenj lalanme 
and tyrosme that present m the form of a carbo-^1 group is liber- 
ated m the form of carbon dioxide Of the eight remaining 
carbon atoms, the four mdicated m the accompanjung diagram 
bj heavier type form the carbon chain of an aceto-acetic acid 
molecule It is possible that the remammg four carbon atoms, 

*We have reason to belief e that formic and probably acetic acid are mter- 
mediate products m the catabolism of aceto-acetic acid The experiments 
bearing on this question ivill be published shortlj 
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thos5 occupying positions 2, 3, 4 and 5 m the aromatic nucleus, 
may undergo rearrangement with formation of a second molecule 
of aceto-acetic acid At present there is no direct evidence bear 
mg upon this latter point 


EXPERIMENTAL 

Liver P ei fusion Experiments For the following experiments we 
made use of a very simple arrangement for the perfusion of the 
livers of dogs through the portal vein 

The ammal was anesthetised with ether, morphine being avoided 
as apparently it had an mjun lus effect upon aceto-acetic acid 
formation by the hver ArtiJicial respiration was employed 
The portal vein was then exposed for a short distance close to its 
entrance to the hver and two loose ligatures placed around the 
vein Care was taken to hgature any tributaries entering the 
vein m close proximity to the hver A third loose hgature was 
placed around the vena cava above the entrance of the renal veins 
The ammal was then completely bled from a cannula previously 
inserted in the carotid or femoral artery The blood was whipped 
and added to the perfusion fluid which had been previously pre- 
pared As soon as the bleeding was practically complete the liga- 
ture around the vena cava was tied, also the hgature around the 
portal vein, farthest removed from the liver A large, long glass 
cannula was then inserted in the portal vein and connected by a 
rubber tube to a syphon placed in the flask containing the warmed 
perfusion fluid Another cannula was tied in the vena cava between 
the heart and diaphragm A rubber tube attached to the cannula 
carried away the perfusion fluid from the hver and dehvered it 
into a large flask which was kept at a temperature of about 38 
degrees Under favorable conditions perfusion was commenced 
in less than five minutes after the death of the ammal The first 
portions of blood commg from the hver were separately collected, 
whipped and returned to the mam supply Oxygen was bubbled 
through the hquids in both the delivering and receiving flasks 
so that the blood was well oxygenated The flmd after travers- 
ing the liver was returned to the delivery flask The rate of per- 


iThis Journal, vi, p 238, 1909 
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fusion ordinarily varies from a minimiim of 70 cc per rrunute to 
about 200 cc per imnute The pressure varied from about 
2 5—5 cm of mercury and was kept as low as possible There 
appear to be some advantages m perfusmg the hver in situ as 
described, rather than to excise the organ The animal’s body 
was kept warm throughout the experiment The perfusion ordi- 
narily lasted one hour 

The perfusion flmd was composed of a mixture of defibrmated 
buUock’s blood together with the dog’s own blood, and a solution 
of the substance under mvestigation m 50—100 cc of sahne The 
ammo-acids were relatively sparmgly soluble m cold salt solution 
so thakthe foUowmg method was employed for preparmg them m 
solution Two grams of the ammo-acid, e g , para-methylphenyl- 
alamne or para-methoxyphenylalanme, were converted mto the 
readily soluble hydrochlondes by warmmg with 50 cc of ^ 
hydrochloric acid An amount of normal caustic soda solution 
(10 cc ) sufficient to exactly neutralize the hydrochloric acid was 
very rapidly added, followed immediately by 500 cc of blood 
In this way, the ammo-acid has practically no opportumty of 
crystalhzmg out and is readily obtamed m neutral solution dis- 
solved m blood shghtly diluted with salt solution The ketomc 
acids mvestigated, para-methyl-phenylpyruvic acid and para- 
methoxy-phenylpyruvic acid were converted mto their readily 
soluble neutral a mm onium or sodium salts 
The aceto-acetic acid and acetone estimations were m most 
cases made by takmg an ahquot part of the blood after perfusion, 
diluting freely with water acidified with phosphoric acid and dis- 
tilhng m capacious flasks after makmg hberal additions of par affin 
wax to control the foammg In one or two cases the blood was 
treated with Schmidt’s mercuric chloride reagent before distilla- 
tion but the results were similar m either case The acetone 
present m the distillates was estimated by means of lodme solu- 
tion in the usual way 

The principal results of the experiments are recorded m the 
following table 
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No 

/ 

WEIGHT 

OP 

DOG 

SUBSTANCE PBRPTJSED 

WEIGHT 
OP SUB- 
STANCE 

TIME OF 
PERFUSION 

WEIGHT or 
aceto- 
acetic 

ACID 

FORMED 

I 

Kilo 

30 

Blank 

I 

grams 

0 

minutes 

60 

miUiirams 

26 2 


30 

Blank 

0 

60 

28 

III 

23 

Blank 

0 

60 

32 5 

rv 

28 

Phenylalanine 

2 0 

60 

166 

V 

! 31 

Para-methyl-phenylalanine 

2 0 

60 

84 2 

VI 

14 

Para-methyl-phenylalanine 

2 0 

85 

78 4 

VII 

32 

Para-methyl-phenylalanine | 

2 0 

60 

153 

VIII 

15 

Para-methoxy-phenylalanine ! 

2 0 

80 

186 

IX 

15 

Para-metho\y-phenylaIanine 

1 5 

60 

98 

X 

22 

Para-methyl-phenylpyruvic 

2 0 

60 

62 S 

XI 

30 

Acid 

Para-methyl-phenylpyruvic 

2 0 

60 

116 

XII 

35 

Acid 

Para-metho\y-phenyIpyruvic 

2 0 

75 

119 



Acid 1 





The results of the experiments require little or no comment 
It will be seen that definite positive indications of the formation 
of aceto-acetic acid, were obtained when each of the four para- 
substituted substances p-methyl-phenylalamne, p-methoxy- 
phenylalanine, p-methyl-phenylpyruvic acid, p-metho\y-phenyl- 
pyiuvic acid, was added to the blood used for perfusing the liver 
An experiment confirmatory of Embden's results with phenylala- 
mne is also included in the table 
The details of the preparation of the substances used for per- 
fusion are given m the following pages 
Para-7nethyl-phenylalamne {Para-iolylalamne) This ammo-acid 
was prepared from para-methylbenzaldehyde by a method sim- 
ilar to Erlenmeyer and Halsey’s synthesis of phenylalanine The 
details of the preparation are given m the following paper The 
amino-acid crystallizes from water in prisms melting at 277-279 
Pa 7 a- 7 nethoxy-phenylalamne {Tyrosi7ie 77iethyl ether) The syn- 
thesis of this amino-acid has already been described ^ The last 
step in the preparation involving the hydrolysis of the benzoyl 
derivative of the amino-acid is apt to result in the formation of a 


‘This Journal, vin, p 17, 1910 
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small amount of tyrosine as the result of the action of the hydro- 
chloric acid upon the methoxyl group It is important therefore 
not to use too concentrated hydrochloric acid for the hydrolysis 
A specimen of para-methylphenylalamne vihich gave a distinct 
ilillon reaction due to contammation ■with a trace of tyrosine was 
purified as follows The ammo-acid was dissolved m eight parts 
cold dilute rutric acid, sp gr , 1 15 and allowed to stand over night 
A small separation of mtro-tyrosme occurred while the methoxy- 
phenylalanme was not nitrated under these conditions The fil- 
trate was neutrahaed ■with ammoma, concentrated m the water- 
bath and the ammo-acid allowed to crystalhze out It was then 
washed 'with a httle cold water and reciystallized from boilmg 
water The resultmg methoxy-phenylalanme was perfectly free 
from tyrosme and gave no reaction "with Mdlon’s reagent 
Para-methylphenylpyrumc aad This acid has apparently not 
been previously described It was prepared by Plochl’s method 
by heatmg the product of the condensation of para-methylben- 
zaidehyde and hippuric acid with caustic soda solution The con- 
densation product was obtained by heating on the water-bath for 
half an hour a mixture of para-methylbenzaldehj de (1 mol), 
powdered hippuric acid (l mol ), powdered fused sodium acetate 
(1 mol ) and acetic anhydride (2 mols ) The yellow “azlactone” 
readily separates out and is purified by washmg with water and 
recrystalhzmg from alcohol The substance melts at 141—142° 
(Cf followmg paper ) On boilmg the “azlactone” (15 gms ) •with 
fifteen times its weight of 40 per cent caustic soda solution for an 
hour, ammoma is freely e\ olved On coolmg and acidifymg ■with 
a mixture of equal parts of crushed ice and concentrated hydro- 
chloric acid a precipitate of impure benzoic acid is at once obtamed. 
This precipitate is filtered off after a few minutes and the filtrate 
placed m a cool place The crude ketomc acid slow ly separates out 
of solution on long standmg m a cool place and is punSed by recrys- 
tallization from water contaming a httle alcohol The substance 
crystalhzes m prismatic needles, m p , 178-180,° is readily soluble in 
alcohol and m ether Its alcoholic solution gives a blue-green 
coloration on addition of feme chloride 
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Analysis 0 1197 gm gave 0 2981 gm COj and 0 0575 gm HjO 

Calculated for 
Fouud CisHioO 

Carbon 67 9 67 4 

Hydrogen 5 4 5 6 

Para-inethoxjj-phenylpyruvic-acid This acid has apparently 
not been previously described It was prepared in precisely the 
same manner as the preceding ketomc acid by heating the conden- 
sation product of anisaldehyde and hippuric acid with strong 
caustic soda This “azlactone” has already been described^ 
The ketomc acid slowly separates out from solution in the form of 
opaque needles The acid is purified by repeated recrystalliza- 
tion from boihng water and melts at 190-192 degrees It is very 
readily soluble m alcohol and ether, moderately soluble m boihng 
water, sparingly soluble in cold water The alcohohe solution of 
the substance gives a deep blue coloration on addition of feme 
chloride 

Analysis 0 1275 gm gave 0 02910 gm COj and 0 0574 gm H 0 

Calculated for 
Fouad CioHioOi 

Carbon 62 2 61 9 

Hydrogen 5 0 5 1 


^This Journal, vm, p 19, 1910 
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The fundamental facts concermng alcaptonuna •were established 
by Wolkow and Bauman* who determined the constitution of the 
pecuhar acid found m the urmes of alcaptonuric subjects and mdi- 
cated its ongm from tyrosine Later Falta and Langstem- 
showed that the homogentisic acid might also be derived from phen- 
i lalamne 

The nature of the chemical reactions mvolved m this remark- 
able chemical transformation have long been a subject of specula- 
tion Recently Neubauer^ has put forward the following repre- 
sentation, which harmomzes admirably with all the known facts 


OH 
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CH, CO COOH 
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p Hydrosy- 

2 5-Di-hydroiyphenyl- Homogentmc Acid 


phenylpyruvic phenylpyruvic 

pyruvic \cid 


Acid 

Acid 



It will be seen that m this scheme the pecuhar rearrangement of 
the relative position of the hydroxyl group and the side-chain 

'Zeitschr f physiol Chem , xv, p 228, 1S91 

*Ibid , bcxviii, p 161,1903, Deutsches -IrcAif / him Med , Ldcu, p 250, 1904 
•DtiUschcs Archivf him Med , xc\, p 201, 1909 
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present in tyrosine and homogentisic acid is accounted for by the 
assumption of the foimation of an intermediary substance of 
quinonoid structure There are many analogies m pure chenustry 
which make this assumption most probable ^ Neubauer, Embden, 
Garrod and most othei writers- regard this formation of homo- 
gentisic acid as a normal process in no way pecuhar to the alcap- 
tonuiic The abnormahty in alcaptonuria, according to tlus 
view, consists in the failure to eflfect the oxidation of homogentisic 
acid Embden has shown that homogentisic acid when perfused 
through a normal survivmg hver yields aceto-acetic acid and 
acetone The assumption is made therefore that the normal 
orgamsm forms homogentisic acid but converts it as fast as it is 
formed into aceto-acetic acid or alhed substances while in the 
alcaptonuric orgamsm the homogentisic acid is excreted unchanged 
owing to failure to effect its conversion mto aceto-acetic acid 
In the preceding paper reasons have been advanced for the 
behef that homogentisic acid is not an intermediate substance m 
the normal catabohsm of tyrosine or phenylalamne The evi- 
dence for this behef is somewhat intricate and will not be repro- 
duced again in this paper Assuming that this behef is correct, 
the inference must be drawn that alcaptonuria represents a con- 
dition m which there is not only an abnormal failure to deal with 
homogentisic acid when formed but also an abnormal production 
of homogentisic acid It was considered probable that evidence 
as to the accuracy of these views might be obtamed by the follow- 
ing type of experiment From what has been mentioned before it 
appears practically certain that the formation of homogentisic 
acid from tyrosine is preceded by the formation of an intermediary 
substance of qumonoid structure Now it is possible to prepare 
substituted derivatives of phenylalamne and of tyrosine in which 
the formation of a qmnonoid intermediary substance is impossible 
and which therefore presumably could not yield homogentisic 
acid derivatives when fed to the alcaptonuric Two substances 
of this type, para-methylphenylalamne and para-methoxyphenyl- 
alanine, have been prepared and their behavior in the normal and 


iCf the previous paper and This /ournaZ,vin,p 13,1910 

=Cf Garrod “Inborn Errors of Melabolism,” Oxford Med Publications, 

1909 
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alcaptonuric organisms has been studied It has been found that 
m the case of both the alcaptonuric and normal organism the sub- 
stances are oxidized completely withm reasonable hmits No 
excretion of homogentisic acid or derivatives of it followed the ad- 
ministration of these substances It therefore follows that the al- 
captonunc has not lost the power to effect the catabolism of sample 
dentatives of phenylalanine or tyrosine provided their structure is 
such that formation of substances of the type of homogentisic acid is 
precluded The inference certainly appears probable that alcapton- 
una represents a condition in which the formation of homogentisic 
acid IS abnormal as well as the failure to effect its catabolism when 
formed 

Information as to the mode of break down of the para-methyl- 
phenylalamne and para-methoxyphenylalamne m the normal 
organism was obtained by observing the formation of aceto-acetic 
acid when they were perfused through a surviving dog hver (Cf 
previous paper ) It is probable that the same mechanism effects 
their catabohsm in the alcaptonuric 

When large quantities (5 grains) of mactive para-methyl- 
phenylalamne were fed to an alcaptonuric a small amount of a 
crystalhne substance was separated from the urme which proved 
to be the dextro-rotatory acetyl derivative of para-methylphenyl- 
alamne The formation of this substance is of mterest since 
Knoop' observed a s imil ar acetylation of an ammo-acid m the 
animal body, m the case of phenyl-a-ammobutync acid Neu- 
bauer- has observed the occurrence of acetylation when phenyl- 
ot-armno acetic acid was perfused through a surviving hver and 
also when the same ammo-acid is subjected to the action of actively 
fermentmg yeast ^ The mechamsm of this pecuhar formation of 
acetyl derivatives of ammo-acids is qmte unknown and would be 
an mterestmg subject for investigation 
When relatively large quantities of para-methylphenylalanme 
(2 5 grams) -n ire fed to cats, a small quantity (8 per cent) of para- 
methylphenylacetic acid was found m the urme together with a ht- 
tle para-methyl-ct-uramido-phenylpropiomc acid The formation 

^Zeiischr f physiol Chem , bcvu, p 497, 1910 
^id, Ux, p 1, 1910 
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of the para-methylphenylacetic acid may m part be ascribed to 
putrefactive action in the intestine The formation of the ura- 
mido-acid is entirely similar to the excretion of a-uramido-phenyl- 
propionic acid following the administration of large quantities of 
phenylalamne ^ The behavior of para-metho\yphenylalanme 
when fed in large quantities to cats has already been reported ^ 
The ammo-acid even in very large quantities is oxidized as readily 
as tyrosine, although veiy small amounts of para-metho\yphenyl- 
acetic acid may be detected in the urine 


EXPERIMENTAL 

Synthesis of Para-methy phenylalamne This substance was ob- 
tained from para-tolylaldehyde by a series of reactions similar to 
those employed by Erlenmeyer and Halsey in their synthesis ot 
phenylalamne Para-tolylaldehyde (1 mol ), powdered hippuric 
acid (1 mol ), fused sodium acetate (1 mol ), acetic anhydride (2 
mols ) were heated on the water-bath for half an hour A mass of 
yellow crystals of the condensation product separates and is fil- 

N = C — CjHs 

I )>o 

HaC<( ^ ^ ^CH=C - CO 

tered off, washed with water and purified by recrystalh/ation 
from alcohol The yield is about eighty per cent of the theoretical 
amount The “ azlactone ” crystallised from alcohol or from ethyl- 
acetate in the form of fine yellow interlaced needles, m p 141- 
142° Tt IS practically insoluble in cold water, sparingly soluble 
in cold alcohol, readily soluble in hot alcohol or ethylacetate 

Analysis 0 1720 gm gave 0 4881 gm COj and 0 0789 gm HjO 
0 2725gm gave NHj=0 0146 gm N 


» Dakin This Journal, vi, p 235, 1910 
* This Journal, viii, p 21, 1910 
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Found 

Calculated for 
Cj/HijOiM 

Carbon 

77 4 

77 6 

Hydrogen 

5 1 

4 9 

Nitrogen 

5 3 

5 3 


On dissolving the finely divided “azlactone” in hot 5 per cent 
caustic soda solution and subsequently precipitating with hvdro- 
chlonc acid, an excellent yield of a-benzoylamino-para-methyl- 
cinnainic acid 

CH, C«Hi CH=C— NH CO CJHs 

I 

COOH 

was obtamed The substance is very sparingly soluble in cold 
water but readily soluble in strong alcohol It crystalhzes from 
dilute alcohol in long colorless needles arranged in the form of 
rosettes, meltmg with decomposition at 22&-227° 


Analysis 0 1572 gm gave 0 4176 gm. COj and 0 0779 gm HiO 


0 1751 gm 

gave NHi=0 0086 gm. N 

Calculated for 


Found 

CijHi^OiN 

Carbon 

72 3 

72 6 

Hydrogen 

5 5 

5 3 

Nitrogen 

4 9 

5 0 


The a-benzoylamino-para-methylcinnamic acid (50 grams) 
was reduced by suspendmg it m half a hter of water and adding 
fifteen times its weight of 2 5 per cent sodium amalgam fairly 
rapidly The mixture is vigorously shaken and maintamed at a 
temperature of about 40-50° for three hours The alkahne solu- 
tion was then acidified with hydrochloric acid A g;ummy mass of 
benzoyl'para-methyl-phenylalamne separated out which slowly 
hardened on standing giving a semi-crjstalhne mass The sub- 
stance may be purified by crystalhzation from acetic acid but this 
entails considerable loss It was found more economical to at once 
hydrolyze the crude benzoyl derivatn e by boding with 1500 cc of 
20 per cent hydrochloric acid for ten hours On coohng, benzoic 
acid separated out and was removed bj filtration The filtrate was 
then evaporated practically to dryness in vacuo The residue, con- 
sisting mainly of the hydrochlonde of the desired methjl- 
phenylalamne, was dissolved in water and filtered On adding 
ammorna graduallj to the acid solution a small amount of pig- 
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merited impurity is precipitated On complete neutralization the 
ammo-acid readily crystallised out of solution and further quanti- 
ties were obtained by concentiatmg the solution The ciude 
para-methylphenylalamne was purified by washing with a little 
cold water, followed by hot alcohol and finally ether It was then 
recrystallized by dissolving m normal hydrochloric acid and adding 
an equivalent amount of ammoma to the clear solution Para- 
methyl-phenylalamne is insoluble in alcohol, sparingly soluble m 
cold water and only moderately soluble m hot water It crystal- 
lizes m colorless prisms melting with decomposition at 277-279® 
It yields a finely crystalline hydrochloride sparingly soluble m 
concentrated hydrochloric acid, readily soluble m water 

Analysis 0 1217 gm gave 0 3352 gm CO 2 and 0 0773 gm HsO 

Calculated for 

Found CioHuOiN 

Carbon 66 9 67 0 

Hydrogen 7 5 7 3 

Para-methoxyphemjlalamne The synthesis of this armno-acid 
has already been described ^ 

Fate of Para-methylphenylalamne and Para-methoxy phenylalanine 
in the Alcapionunc and Normal Organisms 

The ammo-acids were mixed with food, usually cereal, and con- 
sumed in three portions at the close of eacli meal No symptoms 
were noted that could be ascribed to the substances although one 
admimstration of methylphenylalamne was followed by moderately 
severe headache The alcaptonunc subject was a typical case m 
all respects Dr Helen Baldwin, to whom I am indebted for 
much practical help, will report the case, so that further details are 
at present unnecessary Before and during the administration 
of ammo-acids the diet was maintained practically constant m 
quality although the quantity consumed varied somewhat 
The followmg table indicates the absence of any increase of 
homogentisic acid excretion followmg the administration of para- 
methylphenylalamne and para-methoxyphenylalanme to the alcap- 
tonunc The homogentisic acid was estimated according to Garrod 
and Hartley’s^ modification of Baumann's^ method. 

iThia Journal, viii, p 18, 1910 
Voum of Physiol , xxxiii, p 206, 1905 
^Zeitschr f physiol Chem , xvi, p 268, 1892 
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2900 

27 3 1 
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1 47 


1555 1 

17 7 

8 8 

1 50 


1620 

18 0 

7 1 

40 

(5 0 gm para-methyl- 

1960 

17 7 

8 6 ! 

1 49 

phenylalaiune ) 

1170 

16 7 

6 9 

i 40 


2010 

24 1 

11 0 

46 


2100 

25 0 

12 2 

49 

(5 0 gm para-methoxy- 

2080 

19 6 

9 4 

48 

phenylalanine. 


Apart from the estimation of homogentisic acid and total 
mtrogen in the urines, exammations were made to try and isolate 
any products of catabolism of the ammo-acids and also to detect 
anj unchanged ammo-acid The absence of any sigmficant 
amount of unchanged methyl and methoxy-phenylalanmes was 
shown as follows measured portions of the urme before and after 
the feedmg of the ammo-acids were acidified with sulphunc acid 
and thoroughly extracted with ether to remove homogentisic 
acid Excess of baryta solution was next added and the ammoma 
removed by an air blast The solutions were then filtered, made 
up to defimte volume, neutralized and then titrated with alkali 
in the presence of formaldehyde m the usual fashion No mcrease 
in the “ammo-acid” mtrogen of the urme could be detected 
The remamder of the urines secreted durmg the two days follow- 
mg the admmistration of para-methylphenylalanme was acidified 
with sulphuric acid and extracted with ether for 48 hours m a 
continuous extractor The ether extract was distilled to com- 
plete dryness, warmed with 40 cc of water and allowed to stand 
in a cold place for 24 hours Only a tnfling separation of oily 
matter occurred Its amount was not greater than was obtained 
from an equal volume of urme collected at other times Its 
acidit} n as equal to 3 0 cc decinormal sodium hydrate No 
large amount of sparingly soluble metbylphenylacetic acid could 
therefore have been present The aqueous filtrate on shakmg 
Mgorousl} with chloroform deposited a considerable quantity of 
crjstals which slowlj dissolved on shakmg with larger volumes of 
chloroform The chloroform extract on partial evaporation 
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deposited the substance in the form of colorless needles The 
total yield of crystals was 1 1 gram The substance which proved 
to be dextro-rotatory acetyl-para-methylphenylalamne was readily 
soluble in alkah and also in strong hydrochloric acid It dissolves 
readily in boiling water but is sparingly soluble in chloroform or 
benzene It is convemently crystaihzed from chloroform and melts 
at 170-171° Its aqueous solution reacts acid to litmus 

Analysis 0 1010 gm gave 0 2993 gm CO 2 and 0 0636 gm HjO 
0 0810 gm gave NH'3=0 0051 gm N 

Calculated for 

Fojnd CuHijOiN 

Carbon 64 9 65 2 

Hydrogen 7 0 6 8 

Nitrogen 6 3 6 3 

A molecular weight determination made by titrating an aqueous 
solution of the substance with standard alkali gave 228, compared 
with a calculated molecular weight of 221 

A determination of the acetyl group was made as follows 0 3 
gram substance was boiled for half an hour with 150 cc of 3 per 
cent sulphuric acid The solution was then distilled to about 
30 cc , water added and the distillation repeated four times The 
volatile acid in the distillate required 12 8 cc of decmormal alkah 
to neutralize it, as against 13 1 cc reqmred by theory That the 
volatile acid was acetic acid was proved by converting it into the 
barium salt in the usual way 

Analysis 0 1584 gm salt gave 0 1203 gm BaCOj 

Calculated for 

Found C^HflOiBa 

Barium 53 3 63 8 

The acetyl-p-methylphenylalamne was strongly dextro-rota- 
tory although the observed value for [a]" can only be regarded as 
approximate on account of the small amount of material avail- 
able 

c=l 126, 1=1, £*=+0 39“ 

[a]«’=+34 6° 

The aqueous solution from which the acetyl compound had 
been extracted with chloroform on further examination yielded 
no other substance than homogentisic acid together with traces of 
hippuric acid 
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In a second e^enment in which 2 5 grams of methylphenl- 
alamne was fed to the alcaptonuric no acetyl or other denvative 
could be detected in the urme 

The urine secreted during the period following the feeding of 
5 0 grams of para-methoxyphenylalanme was exammed as m the 
case of methylphenylalamne No indications of unchanged ammo- 
acid were obtamed, neither was any significant amount of methoxy- 
phenylacetic acid present Apparently practically the whole of the 
substance had undergone complete oxidation 

When quantities of three grams of p-methylphenylalamne and 
five grams of p-methoxyphenylalamne were consumed by a normal 
individual no crystalhne denvatives of these amino-acids could be 
separated from the urmes 

On feeding 2 5 grains of p-methylphenylalanme to cats and ana- 
lysing the urme precisely as was done in the case of the similar 
experiments already reported, in the case of p-methoxyphenyl- 
alanme, small quantities of two derivatives were obtamed The 
first proved to be p-methylphenylacetic acid which separated from 
solution on dissolving the ether extract m warm water and allowing 
the solution to stand It was punfied by successive conversion 
into the ammomum and silver salts The jield of p-methyl- 
phenylacetic acid m two smular experiments was about 0 2 gram 

Analysis 0 1877 gm Ag salt gave 0 0780 gm Ag 

Calculated for 

Found 

Silver 41 6 42 0 


The second derivative proved to be para-meth> 1-uramido- 
phenylpropiomc acid It separated from solution in very small 
quantity on concentrating the aqueous solution of the ether ex- 
tract after the separation of the methyl-phenylacetic acid The 
substance was spanngly soluble in water and melted at 195-196°' 
wath effervescence 



NH— CO— NH, 

I 


CH— COOH 


Para-methj l-a-uramido-phenylpropiomc acid was prepared sjm- 
thetically for purposes of comparison Para-methylphenylalamne 
(1 Ogm),potassiumcjanatefl Ogm) and water (10 cc) were muxed 
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together and heated foi one hour on the water-bath The residue 
was dissolved in water and the solution acidified with hydro- 
chloi 1 C acid The ur anudo-acid at once separated from solution and 
was recrystalhsed from boiling water The yield was about 70 
per cent of the theoretical amount The substance crystallized 
in small prisms melting with effervescence at 195-196° and was iden- 
tical with the product separated from urine 

Analysis 0 151S gm gave 0 3312 gm COj and 0 0890 gm H2O 

Calculated iat 

Fouiid CuHiiOiNj 

Carbon 59 5 59 4 

Hydrogen 6 5 6 3 


SUMMARY 

Evidence is adduced to show that the condition of alcapton- 
uria does not simply represent a failure to oxidise homogentisic 
acid 

The present investigations indicate that the formation of homo- 
gentisic acid from tyrosine or phenylalamne is probably abnormal 
By feeding an alcaptonuric simple derivatives of phen 3 dalamne and 
tyrosine (para-methylphenylalamne and para-methoxyphenyl- 
alamne) it was found that these aimno-acids apparently underwent 
practically complete oxidation It follows therefore that the alcap- 
tonuric orgamsm has not lost its abihty to catabolize simple deri- 
vatives of phenylalamne and tyiosine provided their structure is 
such that formation of substances of the tyoe of homogentisic 
acid IS excluded 

It appears probable that alcaptonuna represents a condition 
in which there is an abnormal formation of homogentisic acid in 
addition to an abnormal failure to catabolize it when formed 

The behavior of para-methylphenylalanme and para-metho\y- 
phenylalamne Mhen fed to normal human beings and to cats was 
also investigated 
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ON 2-OXy-9-ME'rHyiPXmiNE AND Z.S-DIOXr-P-METHYLPinUNE 
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Bt carl O JOHNS 

{Contributions from the Sheffield Laboratory of Yale University ) 

(Received for pubbcation, Febniary25, 19H ) 

Three of the six 2-oxynioaomethylpunnes required by theorj^ 
have been descnbed These are 2-oxy-3-methylpunne^ (I), 2-o\y- 
6-niethylpurme’ (EE) and 2-oxy-7-niethyIpunne'‘ (Til) 

The wnter has now prepared 2-oxy-9-methylpunne (X) 

It IS well known that formic acid, acetic anhydride, urea and 
thiourea condense with orthodiannnopynmidines to give purmes 
Apparently no one hitherto has tried to condense these reagents 
with orthodiaminopynmidmes m which a hydrogen atom of one 
or both ammo groups has been substitued by an alkyl group The 
writer finds that 2-o'\y-5-ammo-6-methylammopynmidme (XI) 
reacts even more readily with formic acid and urea than does the 
correspondmg imsubstituted pynimdme 

The following reactions led to the qmthesis of 2-o'rj'-5-ammo-6- 
methylammopynmidme 2 - Ethylmercapto - 6 -chlorpynmidme® 
(VI) was heated at 100° C with an aqueous solution of methyl- 
amme The resultmg 2-ethyImercapto-6-methjlaminopynmidme 
(IX) was boiled with concentrated hydrochloric acid to obtam 
2-0'sy-6-methylammopj nmidme (VIU) This compound was dis- 
solved in sulphuric acid and mtrated with f umi ng mtric acid giv- 
ing 2-oxy-o-mtro-6-methylammop\ nnudme (VET) In all of 
these reactions the yields were almost quantitatne The most 

* imer Chem Journ , ■di, p 58, 1909 Ibid , slv, p 79, 1911 

’ Tafel and IVeinachenk Ber d deulsch chem Geselhch , vnui p 337“’ 
1900 

* Johns Amer Chem Journ , xli, p 65, 1909 

* Enul Fischer Ber d deulsch chem Gesellsch , nn, p 3554, 1S93 

* Wheeler and Johnson Amer Chem Journ , srax, p 496, 1903 
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difficult step was the reduction of 2-oxy-5-nitro-6-methylamino- 
pyrimidine This was accomplished by the use of ferrous hydrov 
ide and yields of 70-75 per cent of 2-oxy-5-amino-6-methylamino- 
pynmidme (XI) were obtained This compound was converted 
to 2-oxy-9-methylpurine (X) by boiling with formic acid and evap- 
orating to dryness at 130-140° C 
Theoretically, five monomethyl-2, 8-dioxypurmes are possible 
Two of these isomers have already been described, namely, 
2,8-dioxy-3-methylpurine‘ (IV) and 2,8-dioxy-6-methylpurine* (V) 


N = GH 


N = C CHs 


N = GH 


OC C - NH 

II > 

CHa N - C - N 
I 


OC G - NH 

)CH 

HN - C - N 
II 


OC C - N CH, 

> 
HN - C - N 
III 


N == CH 


OC C - NH 


CHaN 


^CO 


C - NH 
IV 


N = CNHCHa 

I I 

OC CNO2 

1 II 

HN - CH 
VII 


N = C CHa 

I I 

OC C - NH 


> 


CO 


HN - C - NH 
V 

N = CNHCH, 

I I 

OC CH 

1 il 

HN-CH 

VIII 


N = CCl 

I I 

CaHaSC CH 


N - CH 
VI i 

N = CNHCH, 

I 1 

C-H,SC CH 

II I! 

N-CH 

IX 




N = CH 

I I 

OC C - N 

^CH 

HN - C - N CHa 
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N - CNHCHa 

I I 
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HN-CH 

XI 


N = CH 

I I 

OC C - NH 
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^CO 


HN - C - N CHa 
XII 


1 Fischer and Ach Ber d deutsch Chem Gesellsch , xxxu, p 273b, 1899 

2 Johns Amer Chem Journ , xli, p 63, 1909 
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■^Tien 2 -o'^- 5 -anuno- 6 -methylammopyniiudme is heated with 
urea it gives 2,8-dioxy-9-methylpurme (XII) 

These researches will be continued 

EXPERIMENTAL FART 

2-Ethyljnercapt(yS-jneihylajnin(ypynmidine 

N = CNHCH, 

1 1 

CiEfiSC CS 

II 11 

N-CH 

Ten grains of 2'ethylniercapto-6-chlorpyrimidine^ were nuxed 
with 14 grams of 33 per cent aqueous methylamine and heated in 
a sealed tube at 100° C for three hours Before heatmg, the mix- 
ture was opaque but when the reaction was complete it gave a 
heavy transparent oil The oil sohdified to a crystalhne mass at 
room temperature The crystals were washed with water and 
dned over sulphuric acid The yield was almost quantitative 
The crystals obtained were very soluble m ether, bensene, alco- 
hol, or 20 per cent hydrochloric acid They were insoluble m 
water and ivere crystalhzed from very dilute alcohol On coohng 
the solution slowly small stout pnsms were obtained These 
melted to a colorless od at 55° C 

Calculated for 

CjHuSN* Fooad 

N 24 So 24 73 

2-Oxy-6-methylamino'pynvndine 

N = CNHCH, 

I I 

OC CH 

I II 

HN— CH 

Ten grams of 2-ethylmercapto-6-methylammopynnndme were 
dissohed in 100 cc of concentrated hjdrochlonc acid and the 
solution was boiled for three hours after which it was evaporated 
to complete drjness A white residue, which pro\ed to be a 
hj drochlonde, remained This was taken up in 20 cc of water 
and the solution was neutrabzed with ammoma The free base 


* M heeler and Johnson Loc ciC 
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separated as a white crystalline precipitate It was very soluble 
m hot and moderately soluble m cold water It crystallized from 
water in small stout prisms These were washed with alcohol 
and dried at 100® C They were not soluble in ether or benzene, 
but were moderately soluble in hot and difficultly soluble m 
cold alcohol They began to darken at 250° C and melted with 
decomposition at 270° C The yield was quantitative 


Caloulated lor 
CjHjONi Found 

N 33 60 33 61 


2^xy-5-mtro-6-methylamin(ypynrmdine 


N = CNHCH, 

I i 

OC CNO 2 

I !i 

HN— CH 


Ten grams of 2-oxy-6-methyIaminopyrimidme were dissohmd 
m 20 cc of cold concentrated sulphuric acid and 10 cc of nitric 
acid (sp gr 15) were added gradually Nitration took place 
at once without oxidation The resulting mixture was poured 
into 100 cc of cold water and the acids were neutrahzed with 
ammoma This produced an immediate crystallme precipitate 
This was insoluble in ether, benzene, or alcohol but dissolved in 
20 per cent hydrochloric acid and dilute ammoma It was diffi- 
cultly soluble in hot water from which it crystallized m minute 
prisms that had the appearance of broken columns when viewed 
under the nucroscope The yield was quantitative The mtro 
compound blackened rapidly above 300° C 


Caloulated lor 

CiHiOiNi Found 

32 94 32 75 
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2-Oxy-5-a7nino-6-methylaminopynmidine 


N = CNHCH, 

I 1 

OC CNH. HiO 

1 II 

HN— CH 


Twelve grams of 2-ovy-5-mtro-6-methylammopyriimdme were 
dissolved m 150 cc of concentrated ammoma which had been 
diluted with 100 cc of water This solution was mixed with a 
solution of 180 grams of crystallized ferrous sulphate m hot water 
Reduction began at once and considerable heat was evolved 
An aqueous solution of 210 grams of crystallized barium hydroxide 
was added to precipitate the sulphate A shght excess of barium 
hydroxide was removed by addmg ammomum carbonate The 
reduction was allowed to proceed over mght at room temperature 
The pricipitate was filtered off by suction and washed with hot 
water The filtrate was concentrated to about 50 cc Well de- 
fined, slender prisms with square ends separated on coohng The 
yield was 70-75 per cent of the calculated The methyldiammo- 
pyrimidme was very soluble in hot water, but it crystalhzed out 
almost completely on coohng the hot concentrated solution The 
crystals thus obtamed contamed one molecule of water of crys- 
talhzation that could be driven off at 110° C The anhydrous 
substance did not dissolve m ether or benzene It was moderately 
soluble m hot and shghtly soluble m cold alcohol It began to 
blacken at 210° C and decomposed slowly above that temperature, 
effervescing at about 225° C 

I 1 260 gm of substance lost 0 1-15 gm of HiO at 130° C 

II 0 6931 gm of substance lost 0S04 gm of HjO at 130° C 


Calculated for 

CjHiONi H»0 Found 

HiO 11 39 11 50 11 59 

I II 

Calculated for 

CiHiON* Found 

^ 40 00 39 7-1 



Researches on Purines 

S-Oxy-9-methylpunne 


1 66 


N=CH 


OC C— N 

^CH 
HN— C— NCH, 


Five grams of anhydrous 2-oxy-5-aniino~6-methyIaminop3'ri- 
midme were heated in 20 cc of 85 per cent formic acid at 100° C 
for one hour The solution was then evaporated to dr)Tiess and 
finally heated for one hour at 130-140° C to remove all of the 
formic acid The yield of crude purme was quantitative It 
was dissolved in very dilute ammoma and a little color was 
removed by boilmg the solution with blood coal When the 
solution was concentrated to 25 cc and cooled slowly the 
purine separated as a mass of long slender prisms These were 
soluble in less than five parts of boilmg water and moderately 
soluble in cold water They were sparingly soluble in hot and 
almost insoluble m cold alcohol They did not dissolve in hot 
toluene They were easily soluble in dilute mineral acids and 
bases They began to turn brown at about 290° C and decom- 
posed with some effervescence at about 310° C The air dried 
substance lost 8 3 per cent of water at 130° C , while the calcu- 
lated loss for one molecule of water is 10 71 per cent Deter- 
minations of water in other samples of the air dried substance 
gave results approximating 8 3 per cent The calculated for 
three quarters molecule of water is 8 25 per cent It is probable, 
however, that the compound crystallines with one molecule of 
water, a part of which is lost on drying This purine gave a bnl- 
hant murexide reaction 


0 1565 gm of anhydrous substance gave 0 2773 gm of CO, and 0579 gm 
of HjO 


C 

H 


Calculated for 

C«H«ON« Found 

48 00 48 31 

4 00 4 11 

I 11 


37 32 37 12 


N 


37 33 
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2,8-Diox)j-9-methylpunne 
N = CH 

I I 

OG C— NH 

1 I >° 

HN— O— NCH 3 


Five grams of 2-o'sy-5-aniino-6-methyIainmopynmidme and 
5 grams of urea were pulverized together and the powder was 
heated m an oil bath at 150°-160° C for one hour Ammoma 
was evolved and the powder melted to a hquid which finally 
sohdified to a hard cake This was crushed and dissolved m hot 
water containmg a httle sodium hydrovide A trace of insoluble 
matter was filtered off and the hot straw-colored solution was 
acidified with acetic acid This produced a precipitate of very 
minute prisms The yield was 85 per cent of the calculated 
quantity This compound was easily soluble m dilute sodium 
hydroxide but sparmgly soluble m dilute ammoma It dissolved 
readily in mmeral acids but the salts were dissociated by water 
It was msoluble m acetic acid and the common orgamc solvents 
It dissolved in less than 500 parts of boihng water When heated 
with hydrochloric acid and potassium chlorate and evaporated 
to dryness the residue gave the murexide reaction when moist- 
ened with ammoma It did not show any mdications of meltmg 
at 315° C 

0 1825 gm of substance gave 0 2910 gm of COi and 0 0591 gm of HiO 


Calculated for 
CiHiOsNi Found 

C -13 37 43 47 

H 3 61 3 59 

r ir 

N 33 73 33 90 33 67 




ON THE PHYSIOLOGICAL AGENTS WHICH ARE CON- 
CERNED IN THE NUCLEIN FERMENTATION, WITH 
SPECIAL REFERENCE TO FOUR INDEPENDENT DES- 
AMIDASES 


B-sr WALTER JONES 

{From the Laboratory of Physiological Chemistry, Johiis Hopkins University ) 
(Received for publication, March 21, 1911 ) 

In a recent communication' it was shown that when guanyhc 
acid IS submitted to the action of an aqueous extract of pig’s pan- 
creas, neither desamidisation nor hberation of purme base occurs 
and it was pomted out that this resistance of guanyhc acid explains 
the curious conduct of the pancreas m self-digestion, vis that no 
free guamne is formed m the digestion but that the base makes its 
appearance when the products of digestion are submitted to hydrol- 
ysis with boilmg mmeral acid It was therefore concluded that 
guanyhc acid is not changed by pig’s pancreas But all of the 
findmgs which were reported accord equally well with the assump- 
tion that, although guanyhc acid yields no free guamne under the 
conditions stated, it nevertheless loses phosphonc acid with the 
formation of guanosme 

HiPOi CsHsOa CsH3Na0(NH2)+H20=C5Hj0i CjHiNiOCNHal-t-HaPOi 

The researches of Hahn and Geret,* Jwanoff* and others would 
indeed suggest by analogy that this view is correct These wnters 
have shown that under the influence of yeast, moulds and gland 
extracts, nucleic acids are decomposed with hberation of phosphonc 
acid, but m practically all of the experiments on the subject it has 
been observed that the hberation of phosphonc acid occurs massoci- 

* Jones This Journal, IX, p 129 

' Hahn and Geret Zeitsehr f Biol , xxnv, p 117 

’ Jwanoff Zcilschr f physiol Ch^ , zxxix, p 31 
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ation with the liberation of purine bases, so that there is a degreeof 
justification for assuming that a tissue extract which cannot liber- 
ate purine bases is exceptional and will be found also incapable 
of liberating phosphoric acid But my conclusion that guanylic 
acid does not lose phosphoric acid through the action of pig’s 
pancreas was partly founded upon some rather unsatisfactorj' 
polarimetnc observations which indeed required corroboration, 
but which were suflScient to give me a somewhat decided opinion 
that the rotation of guanylic acid undergoes no change when the 
substance is digested with pig’s pancreas 
While my former publication was in press an article appeared by 
Levene and Medigreceanu^ in which is described the action of the 
plasmata of dog’s organs upon various substances related to nucleic 
acid Among their experiments is one which deals with the conduct 
of guanylic acid toward dog’s pancreas The optical method was 
employed but owmg to the cloudiness of the solutions the writers 
could not give a final opimon, although they were rather inclined 
to believe that guanyhc acid does decompose, under the conditions 
stated, with the formation of guanosine 
My experience had taught me that the optical method is not 
well adapted to a decision of this question I therefore proceeded 
with axammations for liberated phosphoric acid, and results were 
obtained which leave no room for doubt that by the action of pig’s 
pancreas guanylic acid loses its phosphoric acid bemg thereby 
converted into guanosine The results of my former paper should 
therefore be taken to mean that guanosine (not guanylic acid) is 
unaffected by this tissue extract® 

The phosphoric acid set free from nucleic acid m tissue extracts 
is sharply precipitated by magnesia mixture and can be determined 
with great accuracy This precipitate of magnesium ammomum 
phosphate is beautifully crystalline and doubtless very pure but 
m all experiments here reported the compound was converted into 
ammomum phosphomolybdate, this again into magnesium ammo- 

* Levene and Medigreceanu This Journal, ix, p 65 
s The statement also that guanyhc acid does not prevent the precipitation 
of punne bases was based upon a misconception and is not correct ^ 
probably true for guanosine, but when a solution of guanylic acid and hy- 
poxanthine is treated with ammoniacal silver nitrate no precipitateis orme 
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mum phosphate and the phosphorus finally weighed as magnesium 
pyrophosphate It was thus found, that aqueous extracts of pig’s 
hver, spleen and pancreas liberate phosphoric acid progressively 
as self-digestion proceeds and that both guanyhc acid and thymus 
nucleic acid lose their phosphoric acid completely m the presence 
of aqueous extracts of these tissues at 40“ No mjury to the fer- 
ment from trypsin was noticed for the pancreas was found the most 
active of the three glands 

The conduct of nucleic acids m the presence of extracts of these 
glands IS therefore not difficult to study so far as concerns the 
purme groups From the remarkable work of Levene and Jacobs* 
upon the structure of nucleic acids it is evident that when phos- 
phoric acid IS removed from such a compound by the action of gland 
extracts there must anse two nucleosides and they wiU be as surely 
present as though the isolated compounds themselves had been 
added 


HO 

\ H OH HO H 
O = P - 0 - C, H, O, C^HsN, (NHj) 


< 


H 

O- 


adeno sine 

OH HOH 
Cs Hs 0. CiHiNiO 


(NHd 


guano sine 

Nucleic acid represented as a di-nucleotide ' 


One of these nucleosides (guanosine) is composed of d-ribose 
and guamne, and upon acid hydrolysis gives guamne, duectly 
precipitable with copper and sdver salts The otner nucleo- 
side (adenosine) is composed of d-nbose and adenme, and upon acid 
hydrolysis gives directly precipitable adenme 
By chemical methods, Levene and Jacobs have been able to 
transform these two nucleosides which are amido-derivatives mto 
two nucleosides (xanthosme and mosme) which are the correspond- 
ing oxj -compounds Thus 


* Berichte d d chem Gcs , \xxxi, -ocoeij, xxxuii 
’ Le% ene and Jacobs ibid , xsxxij, p 2703 
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C.H»0, C.H 5 N .0 (NH,) + n,0 = C*H,0, C,H,N,0 (OH) + HH, 

xanthosme 

CiH.O, C^jN 4 (NH,) + HjO = CjHjOi G^,N, (OH) + NH, 

The transformations are simple desamidizations perfectly analo- 
gous to those which occur when guanine and ademne are converted 
into xanthine and hypoxanthine respectively » 

It IS easily possible to see which of these substances is present m 
a igested glandular extract by finding the purine base produced 
when the product is boiled with mineral acid If one should find 
at ypoxan thine, for instance, is not directly precipitable from 
e product but is precipitated after hydrolysis he would be justi- 
ed in assuming that the material contained mosme If the sub- 
stance had been produced from a nucleic acid (which nml give 
adenosine initially) one would be equally justified in concluding that 
he IS deahng with a desamidizing agent through whose influence 
adenosine has been converted into inosine 
It IS thus proposed to show that pig’s pancreas can effect the 
conversion of adenosine into mosme which is to say that the tissue 
contains adenosine-desamidase But pig’s pancreas exerts no simi- 
lar action upon guanosine (This is mteresting since the pancreas 
promptly desamidizes free guanine) This conclusion follows 
from a study of the products formed by the action of the tissue ex- 
tract on thymus nucleic acid Phosphoric acid is split off (whose 
presence can be quantitatively determined) so that guanosine 
and adenosine must be formed, but the purine bases are not set 
free By hydrolysis of the digested product guanine and /ii/po- 
xantlnne are set free and can be precipitated with silver or copper 
salts Plainly the guamne comes from guanosme'® while the hypo- 
xanthine comes from mosme which was evidently produced from 
adenosine*^ during digestion In the self-digestionof the pancreasit 

® The terra “hypoxanthosine” would have more meaning but the sub- 
staace was named before its constitution was understood 
» Levene and Jacobs ibtd , xxxiii, p 3150 
This phenomenon was also observed when guanyhc acid was employed 
instead of thymusn ucleic acid 

Combined adenme can be shown in the earlier stages of the digestion 
at a time when all phosphoric acid has been split off 
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■was also foxmd that the hypoxanthme is greatly increased when the 
digested product is boiled with mineral acid The evidence here 
given for assuming the mdependence of these two nucleoside- 
desamidases is of the same nature as that which caused me to dis- 
tmguish guanase and adenase from one another ^ In each instance 
one of the two ferments exhibits its activity m the absence of the 
other so that the mdependent existence of two ferments must be 
assumed 

What has been stated of pig’s pancreas is essentially true of 
ox pancreas An extract of this gland hberates phosphoric acid 
from thymus nucleic acid with the necessary production of guano- 
sme and adenosme The former compound is not further altered 
since acid hydrolysis of the products produces guamne, but the 
adenosine is desamidized to mosme which gives nse to hypoxan- 
thme when the product is boiled with acid 

The existence of adenosine-desamidase m the pancreas is thus 
shown but the analogous guanosme-desamidase has thus far only 
been mtunated Its existence however comes to bght m a study of 
pig’s liver No examination of the action of this tissue extract 
upon thymus nucleic acid has been made, but the arrangement of 
ferments can be noted just as well by an exammation of the prod- 
ucts of self-digestion It has been known for some time that the 
ademne group of nucleic acids is split off, desamidized and oxidized 
by the ferments of pig’s hver and that the final product is xan- 
thine Wben the products of self digestion of the tissue are boiled 
with acid (as we would expect) there is no appearance of either 
ademne or hypoxanthme, but the xanthine is greatly mcreased 
■without any increase of guamne It therefore appears that the 
guanosme first formed from nucleic acid is desamidized, thereby 
giving rise to xanthosine which m turn yields xanthme upon hydro- 
lysis The formation of free guamne in the self-digestion of the 
liver as well as the formation of both free ■xanthine and free hypo- 
xanthme m the self-digestion of the pancreas are matters which 
might have been expected In the enzymic hjdrolysis of nucleic 
acid there are two possibihties, phosphonc acid may be spht off 
or purine bases may be set free Advantage is taken of both oppor- 

** Jones and Wmtemitz Zeilschr J physiol Chem , xliv, p 1 
Jones ibid, xlv, p 83 
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turuties and some free guanine and ademne are formed The liver 
converts the adenine into xanthine (action of adenase and \antho- 
oxidase*®) while the guamne remains unchanged (guanase is not 
present in this tissue^'*) The pancreas converts both of the amido- 
purines into oxypurines but does not oxidize the hypoxanthine to 
xanthine (presence of guanase and adenase and absence of \m- 
thooxidase) The end products here stated are the ones actually 
found in the digestion of the tissues and to a shght extent also by 
the action of these tissues extracts upon thymus nucleic acid 

That guanosine-desanudase and guanase are different ferments 
IS obvious the one is present in pig's liver and the other is not That 
adenosine-desamidase and adenase are not identical appears from 
the followmg considerations I have found that a number of ani- 
mal glandular extracts produce h3^oxanthine upon self-digestion 
but are nevertheless incapable of converting ademne into hypo- 
xanthine This IS true of dog’s liver, rabbit's liver, a number of 
human organs, and practically all of the organs of the rat m fact 
the occurrence of adenase is rare In the self-digestion of these 
tissues the imtial adenine is combined in the form of a nucleic acid, 
and if we assume that some ferment is present such as adenosine- 
desamidase which can desamidize an intermediate product but 
which cannot attack adenine, the conduct of these glands is ex- 
plained 

The experiments described below were selected from a large 
amount of material obtained in a study of the action of glandular 
extracts upon thjmus nucleic acid These particular experiments 
are reported because they collectively show the factors which are 
concerned in the enzymic decomposition of nucleic acid The 
general course of such a decomposition and the relation of the prod- 
ucts to one another are graphically represented in the diagram. 

w Jones and Winternitz loc cit 

16 Jones and Partridge Zeitschr f physiol Chem , xln, p 343 
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Nucleic Acid 
HO 
\ 

O = P — 0 CsHaOj C5H2N4O (NHi) 



Guanoaine 

CsHsOi CsHiNiO (NHi) 


Xanthoame 

CJSiOi CsH.N^O (OH) 


Adenosine 

CtHsO^ C^HsNi {NH2) 


Inosme 

CsHsO, CjajN« (OH) 


Xanthine 

C5H,N40 


Hypo'iantbine 
- C1H4N4O 


Unc acid 
CiHiN.O, 


The diagram represents of course only one path that the fermenta- 
tion may take It is sure that m some cases the punne bases are 
directly hberated from the nucleic acid and possible that hydrol- 
ysis of the nucleosides precedes desamidization In such cases 
two well known desamidases (guanase and adenase) come mto 
play if they happen to be present m the tissue under consideration 
The action of ox spleen is very different from that of the tissues 
considered Extracts of this gland completely hberate, desamidize, 
and oxidize both purine groups of a nucleic acid, the final product 
being xanthme In such a case it is not possible to say m what 
order the ferments act 

“ Uric acid, if a proper amount of air 13 admitted 
Schittenhelm Zeitschr f physiol Chem , xlu, p 251 
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EXPERIMENTAL PART 

I Phosphoric Acid 

In all determinations of phosphoric acid the following method 
was employed Part of the product of digestion was boiled and 
filtered After cooling, 200 cc of the fluid were measured out, 
made alkaline with ammonia and treated with an excess of magnesia 
mixture The precipitated magnesium ammomum phosphate 
was converted into ammomum phosphomolybdate, this again mto 
ammonium magnesium phosphate which was heated and weighed 
as magnesium pyrophosphate and the corresponding amount of 
phosphoric acid calculated (as PsOs) which appears in the tables 
expressed m milhgrams In all auto-digestions the gland was mixed 
with three parts of water 

When a nucleic acid was used m connection with the gland ex- 
tract, the latter was strained and divided mto two parts To one 
part the nucleic acid was added and the other was used as a control 
The amount of nucleic acid in 200 cc of the coagulated and filtered 
fluid was calculated as a fractional part of the entire substance 
used, and is designated m the tables as ''nucleic acid involved " 
This method of procedure gives results which are much more 
accurate than those obtained after attempting to wash the coagula 
1 Self-digestion of pig’s pancreas liver and spleen Extract 
1 3 without straimng 200 cc of the product, after heating, and 
filtering, used m each determination Phosphorus weighed as 
Mg 2 P 20 r and expressed in milligrams as FsOs 



PANCREAS 

SPLEEN 

LIVER 

Fresh extract 

37 

35 

Cloudy 

17 hours at room temperature 

126 

109 


24 hours longer at 40° 

267 

20s 

225 

24 hours longer at 40° 

264 

228 

247 

A week at 40° 

268 

233 

269 


2 Action of strained extracts of pig’s pancreas spleen and liver 
and ox pancreas on thymus nucleic acid Digestion 7 days 200 
cc of filtrate for each determination Nucleic acid involved m 
each, 1 gm eqmvalent to 200 mg of PaOs 
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PIO s 

PANCBEA5 

OX 

j PA>CBEA3 1 

piQ a 

j SPLEEV 

1 Fio a 

1 LIVXH 

Experiment 

328 

328 

410 

349 

Control 

138 

141 

220 1 

172 

From the thymus nucleic acid 

190 

187 

190 

177 


3 The same with guanyhc acid Guanyhc acid involved, 1 gm 
Eqiuvalent to 179 mg PaOs Digestion 7 days 



FIO 8 
PA^CBEXS 

OX 

PXKCSEXS 

PIO a 

aPl^EEX 

Fxo a 

UVEB 

Experiment 

309 

303 

390 

346 

Control 

138 

141 

220 

172 

From guanyhc acid 

171 

162 

170 

174 


4 A portion of pig’s pancreas extract (1 3 without straimng) 
after digestion 7 days at 40“ was heated and filtered Ten por- 
tions of 200 cc each were measured out and five treated m each of 
the two followmg ways 

a The phosphonc acid was determined as descnbed and weighed 
as magnesium pyrophophate 

b The flmd was treated with magnesia mixture, the precipitate 
washed, filtered and dissolved m a slight excess of mtnc acid The 
solution was treated with a few drops of magnesia mixture and 
made alkalme with ammonia The precipitated magnesium 
ammomum phosphate was beautifully crystaUme, snow white and 
appeared homogeneous imder the microscope This was filtered off, 
allowed to dry for about 2 hours and weighed The substance was 
then exposed to the au for a week and weighed agam 

It will beobserved that the results obtamed by these two methods 
do not differ greatly and it is possible that those obtamed by the 
shorter method are the correct ones 



I 

n 

m 

IV 

V 

PjOj after full purification 
weighed as MgiPiOj 
Weighed as Mg Ml* PO 4 

j 262 

259 

267 

2&1 

1 

! 

260 

when apparentlj dry 
Weighed as Mg NH, PO j 


271 

274 

278 

279 

after standmg a week 


269 

271 

277 

276 
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II Punne Bases 

The method employed for the isolation of the purine bases was 
described m a former paper All extracts were made with one part 
of ground gland and three parts of water In order to avoid errors 
from imperfect washing o<^ filters, the boiled product of digestion 
was filtered and 1000 cc of the filtrate used m each determination 
Where thymus nucleic acid and guanyhc acid were employed the 
amount of the substance involved m any experiment was ascer- 
tained by an obvious calculation from the total amount employed 
The hypoxanthine was weighed as mtrate and the free base calcu- 
lated Ademne was m no case obtained 

1 Self-digeshon of pig’s pancreas 5 days at 40° The numbers are 


milligrams 



QUANINB 

’tSATHINB 1 

HT?0- 

XAVTaiNE 

Self-digestion 


142 


Self-digestion followed by acid hydrolysis 

382 

164 

369 

[ 

Hydrolysis of fresh gland 

634 


< ademne 
[ 27o 


2 The same 





( HTPO- 


OT7ANINB 

SANTHINE 

-1 

XiNTBINB 

Self-digestion 

000 



Self-digestion followed by acid hydrolysis 

391 

B 



3 The same 



OUANINB 

XASralNB 

HTPO- 

XANTHIVn 

i 

Self-digestion 

000 

135 

127 

345 

Self-digestion followed by acid hydrolysis 

391 j 

151 


4 The same 



OUANINB ; 
1 

XANTHISK 

n\ro- 

XAvriiiNE 

Self-digestion 

Self-digestion followed by acid hydrolysis 


143 

148 

1 129 

372 
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5 The same vnth ox pancreas 










Self-digestion 

000 

241 ! 

144 

Self-digestion followed by acid hydrolysis j 

475 1 

1 

220 1 

421 


6 Summary of the four expenmenis unlh pig’s pancreas 


■ 

I 

U 

1 ™ 

1 ^ 

Autolysis and hydrolysis guanine and 




1 

xanthine j 

546 

534 

542 

524 

Hydrolysis of fresh gland guanine 

534 




Autoljsis and hjdrobsis hypoxan- 





thine 

369 1 

352 

345 

372 

Hydrolj sis of fresh gland ademneand 


1 

1 


hypoxanthine 

326 





la the self-digestion of the pancreas, hydrolysis evidently occurs 
sunultaneously in two ways In one way, free purine bases are 
formed which are desatmdized by the action of guanase and adenase 
long hnown to be present in this gland and the xanthine and hypo- 
xanthine of self-digestion are thus produced They should not 
necessarily be equal in amount nor bear any quantitative relation 
to one another, xanthme has always been found the greater of the 
two In the other way phosphonc acid 13 spht off gxvmg rise to 
guanosine and adenosme The former remains practically unal- 
tered and by h3 drolysis guanme is formed, while the latter is des- 
amidized and by hj'drolysis hypoxanthine is formed which appears 
as the increase of bypoxaatbme when the self-digested product is 
hydrolyzed 


7 Pig's pancreas and thymus nucleic acid Each experiment invokes 3 
grams of this substance equivalent to 300 mg of guanine undo Jft mg of adenine 



1 OUANlTfE j 


I HTPO- 

1 XJLNTHIXZS 

Digestion at 40° 10 daj 3 | 


161 

! 172 

Digestion followed by acid h> drolj sis 
Digestion and h> drolj sis control without nuc-. 

794 

181 

831 

leic acid 

391 

162 

374 

Frofn the nucleic acid 

403 , 

( 19 , 

457 
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8 Ox pancreas and thymus nucleic acid Each experiment involves B g 
of the nucleic acid 



GUANINE 1 

1 


HTPO- 

lANTHlNB 

Digestion at 40° for 10 days 

000 

276 

189 

Digestion followed by acid hydrolysis 

Control Digestion and hydrolysis without 

869 

1 278 

m 

nucleic acid 

469 

214 

402 

From the nucleic acid 

400 

1 

64 i 

1 

1 

46S 


Thus from 6 grams of thymus nucleic acid were obtained 400 
mg of guamneand468mg of hypoxan thine Desamidization of the 
ademne group must have occurred m the digestion although phos- 
phoric acid had been split oS Surely, this is a demonstration of 
adenosine-desamidase in the practical absence of guanosine-desami- 
dase 


9 Self-digesiion of pig’s liver 10 days at 40“ 



1 1 

i 

HtPO- 


j GUANINE j 

H 

XAVTHIVB 

- — 


Self-digeation 

Self-digection followed by acid hydrolysis 


210 

192 


210 

445 


000 

000 









ON THE REFRACTIVE INDICES OF SOLUTIONS OF 
CERTAIN PROTEINS 

V GLIADIN 

Bt T BRAILSFORD ROBERTSON and J E GREAVES 

(From the Rudolf Spreckels Physiological Laboratory of the University of 

California ) 

iReceived for publication, February 23, 1911 ) 

In previous communications it has been shown by one of us' 
that if proteins (casern, ovomucoid, ovovitelhn, paranuclem, 
serum globulin) be dissolved m allcalme or acid aqueous solutions 
the change in the refractive mdex of the solvent is directly pro- 
portional to the concentration of the protem which is dissolved 
therem, and that, when allowance is made for the alteration m 
the refractive index of the solvent with temperature, this change 
IS mdependent of the temperature between 20° and 40° C It has 
also been shown that solutions of serum globuhn can be obtamed 
in alkalme alcohol or acetone-water mixtures and of casern in 
alkahne alcohol-water mixtures and that the influence which these 
proteins exert upon the refractive indices of these solvents differs 
with the nature and composition of the solvent It appeared of in- 
terest to further investigate the influence of the nature of the sol- 
vent upon the power of dissolved protem to change its refractive 
index For this purpose the alcohol-soluble protem of wheat, 
ghadm, offers exceptional advantages since it is known to be 
soluble in a large variety of solvents ® 

The ghadm was prepared by the following method, based upon 
that employ ed by Osborne and Harris ’ 

* T BraiUford Robertson Journ of Physical Chem , -uii, p 469, 1910 
This Journal, vii, p 359,1910, viii, pp 2S7, 441, 507, 1910 

G W E Mathewson Journ imer Chem Soc , xx\iii, n 1482,1906 
'T B Osborne and I F Harris imer Journ of Physiol , ivu, p 223, 
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Gluten was i^repared by kneading dough, made from wheat flour, m a 
stream of cold water until all the starch had been washed out, it was then 
partially dried and a moisture determination was made The moist gluten 
thus obtained was finely chopped and mixed with twenty times its weight 
of alcohol of such a strength that with the water in the gluten it formed an 
alcoholic solution containing 70 per cent of alcohol by volume The miv 
ture of gluten and 70 per cent alcohol was then allowed to stand, with fre- 
quent shaking, for 48 hours After allowmg the mixture to settle for 10 
hours the supernatant alcoholic solution of gliadm was syphoned off and 
filtered through very finely shredded and well-washed and dried asbestos 
until a perfectly clear filtrate was obtained The filtrate was then evap 
orated, under a pressure of about one-half an atmosphere, until frothmg 
prevented further concentration It was then cooled and very slowl} 
poured, with constant stirring, into about one hundred times its volume of 
ice-cold distilled w'ater, containmg 10 grams of sodium chloride per liter 
The gummy mass, which usually collects on the stirring rod, was dissolved 
by the addition of the smallest possible amount of absolute alcohol, and this 
solution was evaporated, under reduced pressure, to a thick syrup, the 
syrup was then cooled and poured, in a very fine stream, with constant 
stirring, into hot absolute alcohol The precipitate was dissolved in 70 
per cent alcohol and this solution was evaporated under reduced pressure, 
with the occasional addition of absolute alcohol, until a thick syrup was 
again obtained The gliadm was precipitated from this syrup by the 
method just described washed three times with ether (uber Natrium 
destilhert), partially dried over sulphuric acid, ground up as finely as 
possible, and then completely dried over sulphuric acid, in partial vacuum, 
at room temperature 

The ghadiii thus prepaied, aftei passing thiough a fine sieve, 
IS obtained as a loose white poavder 

Two senes of solutions aaeie piepaied, the one containmg 2 grams 
and the other 1 gram of gliadm pei 100 cc of solvent The sol- 
vents employed avere 60 pei cent and 70 per cent ethyl alcohol 
(Kahlbaum, C P ), 25 pei cent and 50 pei cent acetone (highest 
piiiity, Merck), GO per cent piopyl alcohol (highest puiity , Merck), 
75 per cent phenol (Kahlbaum’s synthetisch, C P ), tw acetic acid 
and /(j- potassium hy droxide The percentages are percentages by 
volume and the alcoholic, phenol and acetone solutions were 
standaidised by specific gravity deteimmations In 60 per cent 
and 70 pei cent ethyl alcohol a veiy small proportion (less than 
0 2 per cent of the dry substance) of the gliadm was i»solub c 
In 25 per cent acetone the solution containing 2 per cent of gliadm 
contained also a slight insoluble residue, m the remainder of m 
solvents the gliadm dissolved completely^ forming clear so u lo 
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The refractive-mdex determinations were made m a Puifncb 
refractometer reading correctly to within 1' of the angle of total 
reflection, a sodium flame was employed as the source of hght 
The followmg were the results obtained The values headed 
“a” are calculated from the formula, u— ni=aXc where n is the 
refractive index of the solution, ni that of the solvent and c is the 
percentage of ghadin in the solution 


SOLVEIJT 

TEUPESA- 

TUBE 

gbjlms or 
oixuirx tv 
100 cc OP 
SOl.VBNT 

1 

BEPSACnVE 
IVDEX OP 
SOLUTION 

■ 

-I'j \cetic acid 

25“ 

0 

1 33426 ! 



■f(j tcetic acid 

25“ 

1 

1 33592 j 

0 00166 

-tcetic acid 

25“ 

2 

1 33743 

0 00159 

koh I 

20“ 

0 

1 33537 1 



^KOH 

20“ 1 

1 1 

1 33703 j 

0 00166 

^bKOH 

20“ 1 

1 2 

1 33S71 

0 00162 

60 per cent Ethyl tlcohol 

' 25“ 1 

1 0 

1 361Q0 1 



60 per cent Ethyl Alcohol 

25“ 

1 1 

1 1 36333 

0 00143 

60 per cent Ethyl •tlcohol 

' 25“ ‘ 

' 2 

1 1 36477 ' 

0 00144 

70 per cent Ethj 1 Alcohol 

25“ 

0 

1 1 36450 ! 



70 per cent Ethjl Alcohol 

1 25“ 

, 1 

1 1 36605 

0 00155 

70 per cent Ethj 1 Alcohol 

1 25“ 

2 

1 36750 

0 00150 

60 per cent Propj I Alcohol 

25“ 

0 

[ 1 37171 



60 per cent Propyl Vlcohol 

25“ 

1 

' 1 37329 , 

0 0015S 

60 per cent Propj 1 Alcohol 

1 25“ 

2 ' 

1 1 3746S 

1 0 00149 

25 per cent Acetone 

1 25“ 

0 

1 1 34S21 

1 

25 per cent Acetone 

1 25“ 

1 

1 1 349S3 

0 00162 

25 per cent Acetone 

25“ 

O 

1 " 

1 1 35164 

1 0 00172 

50 per cent Acetone 

1 25“ 

0 

1 1 360S2 

1 

50 per cent Acetone 

1 25“ 

I 

} I 36235 

0 00153 

50 per cent Acetone 

1 25® 

O 

1 36369 

1 0 00144 

75 per cent Phenol 

1 22“ 

0 

[ 1 49649 

1 

75 per cent Phenol 

\ 22** 

1 

, 1 49611 

, -0 0003S 

75 per cent Phenol 

22® 

1 

f> 

, 1 49573 

' -0 0003S 


It will be ob3er\ed that in the less refractne solvents the intro- 
duction of ghadm increases the refractive index, but that m the 
mo't highb refractive solvent, namelj 75 per cent phenol, the 
addition of gliadin decreases the refractive index 
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In order to obtain a satisfactory estimate of the probable de 
gree of accuracy of these determinations it is necessary to recol- 
lect that each determination of the angle of total reflection is 
liable to an error of 1' An error of 1' in the determination of the 
angle of total reflection corresponds to an error of about 0 00009 
in the deternunation of the refractive index Since the absolute 
error in each determination of n-ni is the same, the error in the 
determination of a must be less in proportion to the magnitude 
of c In order to assign to each determination its due weight m 
the estimation of the mean value of a for any solvent we must 
therefore add together all of the observed values of n-ih and 
divide this sum by the sum of the concentrations employed ‘ 
Proceeding in this way we obtain the following values of a 


Solvent 
Acetic acid 
tIt KOH 

60 per cent Ethyl alcohol 
70 per cent Ethyl alcohol 
60 per cent Propyl alcohol 
25 per cent Acetone 
50 per cent Acetone 
75 per cent Phenol 


a— 

- 0 00161 0 00006 

- 0 00167 * 0 00006 

- 0 00143 * 0 00006 

- 0 00152 * 0 00006 

- 0 00152 * 0 00006 

- 0 00168 * 0 00006 

- 0 00147 * 0 00006 

- 0 00038 *= 0 00006 


CONCLUSIONS 

1 The value of o, in the equation n-^i = cXc where ms the 
refractive index of the solution of the protein, that of the solvent 
and c IS the percentage concentration of the protein, has been 
determined for gliadin in various solvents 

2 In the less highly refractive solvents the introduction of 
ghadm increases the refractive index, but m the most highy 
refractive solvent employed, namely 75 per cent phenol, the ad- 
dition of ghadm reduces the refractive index 

iCf T Brailsford Robertson This Journal, vni, p 507, 1910 
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New York ) 

(Received for pubbcation, March 6, 1911 ) 

It has long been known that ahphatic ammo groups react with 
nitrous acid accordmg to the equation 

R NHj+HN0.=R0H+H20+N, 

Since the nitrogen m gaseous form leaves the system, the reaction 
should theoretically proceed quantitatively from left to right, as 
IS actually the case Sachs and Kormann ongmally made this 
reaction the basis of a method for quantitative determmation of 
ammo groups ^ Since then a number of other methods based on 
the same reaction have appeared®, none of which, however, appears 
to have satisfied the demands of simphcity, rapidity, and accuracy 
required to make the reaction available for general use in chem- 
istry and biology 

The method described m the foUowmg pages appears to meet 
these requirements® The complete deter mina tion of mtrogen 
m ammo-acids can be finished in a few mmutes, and the error 
kept within — 0 05 mg of mtrogen 

'Zeiischr f anal Chem , wv, p 3S0, 1875 

’Koenig Chem d menschl Nahr u Gt,nussmittel, 4th Edition, m, p 274, 

‘The method was first described before the Society of Experimental Biol- 
ogj and Medicine, Deo 15, 1909, Proceedings, vu, p 46 A prehminarj 
report of the method and its application was published in the Bsr d d 
chem Ges , xlui, p 3170, 1910 
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Determination of Ammo Groups 

PRINCIPLE OF THE METHOD 


mit.on°of mt™ oMde”*’™ ^composes mth tot- 

2HN0,?±HN03+N0 

This reaction is utilized m displacing all the air in the apparatus 

introduced, evo- 

absnrhl K if 1 The oxide is 

bsorbed by aUcahne permanganate solution, and the pure nitrogen 

measured in the special gas burette shown m the figure 


REAGENTS 

P^^^^Sn'Hate as absorbent for nitric oxide was chosen 
a er ria o all the solutions recommended m the literature 
Perrous sulphate solution, which is ordinarily recommended in 
gas analysis methods, is entirely unsatisfactory The reaction 
^ ^ ferrous sulphate and nitric oxide combme is reversible, 

an t e nitric oxide in solution attains an equilibrium with that in 
t e supernatant gas Therefor even approximately complete 
a sorption is possible only with perfectly fresh ferrous sulphate 
^ ution, and even with this, is a comparatively slow process 
Results become maccurate before the solution has absorbed its 
own volume of nitric oxide Sulphite solution, recommended by 
Diversb is even less satisfactory A strong solution of sodium 
diehromate m sulphuric acid, which oxidizes the oxide to mtric 
acid, IS better, but is somewhat viscous Acid permanganate, 
unless in very dilute solution, gradually decomposes giving off 
oxygen, which supersaturates the solution One per cent per- 
manganate in 1 per cent sulphuric acid gives accurate results, 
however, if the solution is freed from excess oxygen by shaking 
thoroughly with air immediately before use Alkahne permanga- 
nate, orgmally employed by Hans Meyer*, proved an absolutely 
satisfactory absorbent solution in every respect It is entirely 
stable, can be used in concentrated solution, and oxidizes the nitric 


’Classen’s Ausgewdhlle Methoden, n, p 447, 1903 
^Analyse und KonstilulionsermiUelung, p 52S, 1903 
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oxide to nitrate ■with such rapidity that the gas is absorbed about 
as fast as is carbon dioxide by potassium hydrate solution A 
solution containing 50 grams of potassium permanganate and 25 
grams of potassium hydrate per hter ■was adopted for permanent 
use The manganese dioxide formed by reduction is m such a fine 
state of diiusion that it does not mterfere at all ■with the use of the 
solutionmaHempelabsorptionpipette, and a large number of deter- 
minations can be made ■without changing the solution In order to 
prevent deposition of manganese dioxide in the capillanes, it is w eh 
to leave G (see Fig ) filled ■with water from the gas burette, rather 
than ■with permanganate, when the apparatus is not m use As 
the alkaline solution absorbs carbon dio-^de as well as mtrogen, the 
presence of carbonate in the ammo solution does not interfere -wath 
the determination 

For decomposing the ammo substance the most satisfactory 
conditions are, a great excess of mtnte, from which the mtrous 
acid IS freed by an eqmvalent of a weak acid (acetic) The great 
excess of reagent forces the reaction to rapid completion The 
use of a weak acid, instead of the mmeral acids emploj ed m pre- 
nous methods, causes evolution of a relatively small volume of 
nitric oxide, and avoids danger of acid hydrolysis of the more com- 
plex proteolytic products In dissolnng amino substances not 
readily soluble m water alone, one may use mmeral acids of not 
more than ^ concentration, acetic acid of any concentration up 
to 50 per cent, or fixed alkali up to ^ concentration A few drops 
of sodium hydrate solution are usually added to assist m dissolving 
tyrosm and lysm picrate 

Corrections for hnpunly tn Reagents As commercial sodium 
mtnte often contains impurities which gradually evolve traces 
of mtrogen when the nitrite is acidified, each lot of the latter must 
be tested before it is used, and, a correction for the reagent em- 
ployed, if necessary, m calculating subsequent results A typical 
“CP " commercial mtnte yielded 0 2 c c of nitrogen m 5 minutes, 
0 3 c c in one-half hour, and 0 5 c c m2 hours 
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APPARATUS 

The apparatus^ is shown in the figure The reaction is earned 
out in D, a bottle of 35-37 cc capacity It is fitted with a 4-hoIe 
rubber stopper, which holds permanently the tubes shown m the 
figure The stopper is held firmly in place by a strip of picture 
wire passing through loops of stout copper wire on opposite sides 



of the neck of the bottle All the tubing in the apparatus is ca- 
pillary, of 6-7 mm external diameter, and of 1 mm bore, except 
the tube from A, which is of 2 mm bore Cyhnder A, of 35 cc 
capacity, serves to hold water which is used to displace air from 
X), or to receive solution forced back from D by mtric oxide The 

^The apparatus is furnished by E Machlett and Son, 143 E 23 St , New 
York City (S12), and by Robert Goetze, Leipzig (Mfc 25) 
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10 cc burette B holds the solution of ammo substance for analy- 
sis Tube C serves as an outlet for gases, and connects D with 
the gas burette while the nitrogen is being evolved The lower 
end of C IS exactly flush with the bottom of the stopper The 
small cyhnder E, of 2 cc capacity, holds amyl alcohol for use m 
analysis of viscous solutions, such as those containing albumoses, 
or proteins The addition of an occasional drop of amyl alcohol 
prevents foammg of these solutions durmg the evolution of m- 
trogen The gas burette F is divided into tenths of a cc for 40 cc 
Below the 40 cc mark it broadens mto a bulb, which is graduated 
only into 10 cc divisions The bulb provides a volume capable 
of holdmg the mixture of mtrogen and mtnc oxide first hberated, 
while the finely divided portion of the burette measures the pure 
mtrogen after the oxide has been absorbed The water m the 
gas burette dissolves some of the mtric oxide, which keeps the 
burette clean by reducmg the occasional drops of permanganate 
carried back with gas from the absorption pipette Capillary rub- 
ber tubing with walls 3 or 4 mm thick is used to connect C and G 
with the gas burette The absorbent solution m the Hempel 
pipette is the alkahne permanganate already described 

THE DETERMINATION 

The process may be divided into three stages (1) Displacement 
of the air m the apparatus by an atmosphere of pure mtnc oxide, 
(2) Decomposition of the ammo substance, (3) Absorption of mtnc 
oxide and measurement of the pure mtrogen The entire deter- 
mmation usually requires about 10 mmutes 

Displacement of Air by Nitnc oxide The solution of armno 
substance, contammg preferably not over 20 mg of ammo mtrogen, 
is placed in B, and 5 cc of water m A Into D one then pours 
28 cc of the solution of sodium mtnte (30 gm to 100 cc of water) 
followed by 7 cc of glacial acetic acid Rapid evolution of mtnc 
oxide begins at once The cock c bemg open, the stopper is now 
placed m the neck of D and fastened firmly with the wire The 
small volume of air m D is dnv en out by letting in the water from 
A until the bottle is completely filled and hqmd rises m C In 
order to remove also the an dissohed m the mtrous acid solution, 
c IS closed, a left open, and D is shaken, the tops of A, B, and C 
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being held by the left hand The shaking causes quick evolution 
of nitric oxide, which gathers in the top of D and forces 10-15 c c 
of solution back into A Cock c is now reopened, and the mtric 
oxide, together with the air which it has swept out of the solution, 
IS forced out of D by liquid from A In order to assure complete 
removal of all traces of air, c is closed and the process once re- 
peated Then, by again closing c and shaking Z), one generates 
a gas space of about 20 c c in Z), in order to make room for the ammo 
solution from B G and H being completely filled with per- 
manganate solution, and F with the 1 per cent sulphuric up to 
the top of the rubber coimecting tube, C and F are joined, cock 
c and being opened and a closed The above manipulations re- 
quire about two minutes 

Deco7nposition of the Ammo Substance C and F being connect- 
ed, the ammo solution from B is run into D, and mixed with the 
nitrous acid solution Rapid evolution of mtrogen, mixed with 
nitric oxide, begins at once After the reaction has run 5 minutes, 
in the case of the a-amino acids, or longer, as required for most 
other amino derivatives (c/ pp 191-192), the evolution of mtrogen 
IS completed by thoroughly shaking D 

If proteins, albumoses, or other substances producing viscous 
solutions are present m the ammo solution, a drop of amyl alcohol 
IS occasionally added (from E, cf Fig ) to prevent foaming during 
the rapid evolution of mtrogen When, as in digestion experi- 
ments, the determination is performed upon proteins or their 
partially hydrolyzed products, the reaction is run for only 5 min- 
utes, the solution being stirred by shaking several times a minute 
Under these conditions there appears to be no danger of decom- 
position, other than deamination, of the complex substances 
The deaminized products, from the proteins and their primary 
hydrolytic products, are insoluble Consequently precipitates 
result from the action of mtrous acid on solutions of proteins undi- 
gested or m the earlier stages of digestion The precipitates do 
not interfere at all with the determinations In case ammonia, 
which does not react as lapidly as primary ammo groups, is present, 
about 15 per cent of it is converted into free nitrogen during the 
5-minute reaction at 20° 

Absorption of Nitnc Oxide and Measurement of Nitrogen I he 
reaction being completed, aU the gas is driven from D and C into 
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F by opening A and letting bquid from A into D By raising the 
levelling bulb the gas is driven from F mto H, care being taken 
that none is left m the connecting capillaries of G and the pipette 
The mtric oxide is absorbed by shaking the gases with the perman- 
ganate solution The pure mtrogen is run back mto F, the per- 
manganate fillin g G as far as / The surface of the water m the 
levelhng bulb bemg brought even with the memscus, the volume 
of gas m F IS measured The absorption usually occupies about 
a nunute, but vanes somewhat with the volume of the mtrogen, 
the freshness of the permanganate, and the thoroughness of the 
shaking It IS advisable, until one has a httle expenence, to test 
the completeness of the absorption by repeatmg it, and noting 
whether the volume of gas is diminished The room tempera- 
ture beside the apparatus and the atmosphenc pressure are taken, 
and the weight of mtrogen calculated from the usual tables for 
nitrogen gas measured over water As the reaction doubles the 
amount of mtrogen present m the ammo groups, the results are 
to be divided by 2 Consequently, each milhgram of ammo mtro- 
gen generates, accordmg to pressure and temperature, 1 7-1 9 c c 
of mtrogen gas, which enables one to obtam very accurate results 
with relatively small amounts of material The method is at 
present m regular use m this laboratory for analytical identifica- 
tion of ammo acids * 

In the method as above described the only source of error, re- 
agents bemg pure, is the 0 2 c c of air which the 10 c c of ammo 
solution can dissolve at atmospheric pressure As the oxygen 
combines with the NO to form NO 2 , which is absorbed by the per- 
manganate, only the 0 16 c c of mtrogen is added to the gas meas- 
ured This correction is also mdicated by blank experiments 
Consequently when the ammo solution is saturated with air, 0 16 
c c IS deducted from the mtrogen volume The correction, 
which IS eqmvalent to only 0 09 mg of ammo mtrogen, can be 
avoided by using, m preparation of the ammo solution, water 
^\hich has been freed from air by boilmg, or by shakmg for a few 
seconds m an evacuated flask 

Time Required for Different Classes of Amino Dentatives to react 
Quanhiaiirehj Ammo groups in the a-position to carboxyl, as m 


•Levene, VanSljke and Birchard This Journal, viii, p 269 
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the natural ammo-acids, react quantitatively m 5 minutes at 20’ 
The group in hjsin requires one-half hour to react completely, lysm 
being the only natural ammo-acid which requires more than 5 
minutes Ammonia and methylamine require 1 5-2 hours to react 
quantitatively Urea requires 8 hours In 1 hour it gives off 50 
per cent of its nitrogen, and the reaction rate follows the monomo- 
lecular equation Ammo groups in punnes and pyrimidines re- 
quire 2-5 hours at 20° 

In case, for any reason, there is doubt concermng the complete- 
ness of the reaction, C and F are left connected, a being open, 
while the mtric oxide is absorbed and the nitrogen measured The 
gas which has meantime collected m the top of D, together with 
that which can be freed from the solution in D by shakmg, is run 
over into F, freed from nitric oxide, and the mtrogen is again 
measured If there is no increase in the mtrogen volume, the re- 
action was complete at the first measurement 

DETERjnNATIONS OF AMINO NITKOQEN IN AMINO-ACIDS, PEPTIDES, 
AND OTHEB SUBSTANCES 

The following table contains a series of representative analyses 
Most of the ammo-acid analyses have smce been repeated numer- 
ous times m the course of protein hydrolyses The results with 
pure leucin illustrate the agreement of duphcates The results 
with the other substances are all as close to theoretical as could 
be guaranteed by the purity of the substances, except glycocoll 
and cystin Although they gave theoretical results on combustion, 
the ammo mtrogen always came out about 103 per cent of that 
theoretically calculated for glycocoll and 107 per cent for cystin 
The cause of these errors will be discussed later The purity of 
the substances tabulated below was controlled by analyses by 
the usual methods 

All the amino-acids react quantitatively with their a-amino 
groups Lysm reacts with its w-amino group also, but less rapidly 
The guamdin group, in guamdin, creatm, and argimn does not react 
at all, nor does the mtrogen of the imidazol ring in histidin, the m- 
dol ring in tryptophan, or the pyrollidine ring m prolm and oxy- 
prolin Summarizing the ammo-acid results every known ammo- 
acid obtained from proteins by acid hydrolysis reacts quantitative y 
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TABLE I 
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9 
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0 1311 
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■ 
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I 

t 

' 10 69 

Leucm 
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1 1 

1 10 69' 10 69 
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\ 
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i 

10 69 

1 

( 

' 10 69 

Valm 
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method) 

|o 1072 

22 10 

1 

1 

16“ 

756 

1 

11 89 i 

1 

1 

H 96 

11 96 

Alanm 

Kahlbaum ,0 0891 

' 24 50 

19 5“ 
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15 73 
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Glycocoll 

1 Kahlbaiun 
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20“ 

} 752 

IS 98 ! 
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18 67 
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ton 1 I 1 
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1 /o4 

8 54 

8 49 

i 
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Glutamimcacid 

Kahlbaum v 1457 

■ 24 80 

1 20“ 

] 756 

9 63 

9 52 

9 52 

Aspartic acid 

1 Kahlbaum 0 13311 25 20 

24“ 

' 765 

10 62 

10 54 

10 54 

Lysm picrate, 

Witte Pep- 

0 1-13T 18 m 

22® 
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1 Edcstin 
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^ ( 

0 2035 12 2C 

20“ 
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TABLE I — Continued 


aODBCB 


j: 

a 

M 

■< 

n 

K 

2! 

D 

O 

3 

■< 


Guanidin 
Creatin 
Asparagin 
(cryst ) 
Glucosamin chlo- 
ride 

Methylammon- 
lum chloride i 
Glycm anhydride 
Glycyl-glycin 
Leucyl-glycin 

Leucyl-leucin 


Merck 
Merck 
Kahlbaura 0 1650 27 80; 

Kahlbaum |o 2580 30 4oj 
Merck |o 0659! 24 10, 


0 1321 31 0 
0 0941 13 OOj 
0 0941 13 10| 
0 1307 13 50| 



TABLE II 

Proteins and Intermediate Proteolytic Products 


SUDSTANCB 


SOaRCE 


Egg albumin 
Edestin 

Hetero-albumose* 

Proto-albumose 


2 

z 

Si 

o <o 

a 


Witte Pep- 
tone 

Witte Pep- 
tone 

Witte Pei 
tone 

Witte Pep 
tone 


16 10 84 

20 ° 

30 70 1 40 

29“ 

f 55 sJ 6 20 I 

O 

CO 

39 4o| 4 40 

21“ 

52 64' 9 SO , 

1 

22“ 1 

41 50^ 9 40 1 

1 

19“ 



* Levene, Van Slyke and Birchard, This Journal, viii, p 272 
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TABLE m 


Punne and Pyrimidine Ribosides * 



80I7BCC 

z 

a 

$4 

< 

H 

Z 

U 

o 

a 

< 

z 

o 

o 

a 

5 

•< 

a 

a 

a 

a 

D 

1 

e; 

PEB CEVT 

JUlz^o N 
roirvD CALC 

Cytidin Chloride 

Yeast^ 




Trim 



CsHijOsNj HCl 

Cytidin Nitrate 

Nucleic 

Acid 

Yeast 

a 1498 

13 00 

22“ 

765 

4 93 

5 02 

CjHiiOsNi HNOj 

Cytidin Sulphate 

Nucleic 

Acid 

Yeast 

p 1149 

9 28 

19“ 

758 

4 61 

i 

4 57 

(CiHiiOiNdi HiSOi 

Guanosin I 

Nucleic 

Acid 

Yeast 

0 1568 

13 OO 

21® 

772 

4 76 

4 89 

1 

CioHuNsOs 2HiO 

Nucleic 

Acid 

1 

.o 

21 40 

23“ 

77S 

5 46 

4 40 

Guanosin II 








CioHixNjOs 

Guanosin III 

Pancreas 

Yeast 

0 134^ 

1 

1 

15 5C 

23“ 

764 

6 51 

4 95 

CioHiiN.Os 

Adenosin 

Nucleic 

Acid 

Yeast 

0 124C 

1 

1 

1, 14 3C 

21“ 

764 

6 57 

4 95 

CioHijN^O* 

Nucleic 

Acid 

0 1601 

1 

1 

I 14 &. 

) 19“ 

770 

5 27 

5 24 


with one and only one nitrogen atom, except lysin, which reacts with 
two, and prolin and oxyprohn, which do not react at all All ike 
annno-acids react with all of their nitrogen, except tryptophan, which 
reacts with one-half, histidm with one-third, arginin wnth one- 
fourth, and prolin and oxyprohn with none - 

* Le\ one and Jacobs Bcr d deutsch chcm Ges , xlm, p 3150 Le\ ene 
and La Forge idem, p 31&1 

• Vbdcrhaldcn’s diammo-tnoNj-dododecanoic acid was not tested, be- 
cause of lack of material 
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The dipeptids leucyl-leucm and leucyl-giycm react with only 
then free primary ammo groups The ammo nitrogen bound m 
the -CO-NH- peptid hnkmg does not react Glycin anhydride, m 
which both nitrogen atoms are the m imino peptid linkings, givea 
off no mtrogen at all when treated with mtrous acid 
The proteins, egg albumin and edestm, react, as might be ex- 
pected, from Fischer’s peptid theory of protein structure, with only 
a trace of their nitrogen, nearly all of the latter being bound m the 
peptid linkings of the protein molecule The proportion of free 
ammo groups is twice as great m the primary albumoses, and still 
greater in the deutero The smaller the molecule, the greater the 
proportion of free ammo mtrogen, as is already indicated by the 
results Avith the peptids 

From the results of Levites* and Skraup-, who found that no 
lysin could be obtained on hydrolysis of deammized proteins, it 
appears probable that a large part of the free ammo mtrogen in the 
native proteins is m the lysm radicle, of which presumably only 
one of the two ammo groups is bound in peptid hnkmg 
Asparagm, as Sachs and Kormann found, reacts only with it^s 
tt-armno group It does not react appreciably with the acid-amid 
mtrogen even when the reaction is prolonged for hours From this 
it appears that the conclusions of SchifP are not final He found 
that deamimzmg proteins with nitrous acid did not remove the 
"amid” mtrogen, and concludes that this nitrogen can not orig- 
inate from (CONH 2 ) groups m the protein molecule As the acid 
amid nitrogen is not readily decomposed into free mtrogen by 
mtrous acid, Schiff’s results do not prove the point The work 0 
Osborne, Leavenworth, and Brautlecht'* makes it very probabe 
that the amid nitrogen does exist m the protein molecule m aci 
armd combination with the aspartic and glutamimc acid radicals 
The purme and pyrimidine derivatives react normally, excep 
guanosm Although the purity of this substance was undoubte , 
as controlled by independent analyses, it regularly yielded a on 
IJ, instead of 1, molecule of nitrogen Apparently the purme 


* Btochem Zeiischr , \\,p 224, 1909 
- Ann d Chem , cccli, p 379, 190G 

’ Ber d deutsch chem Gesellsch , xxlv, p 1354, 1896 

• Amer Journ of Physiol , win, p ISO, 1908 
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ring IS partially broken when nitrous acid acts on guanosin Gua- 
Qin itself IS so insoluble that it precipitates m the reaction mix- 
ture, and only a fraction of it reacts m several hours 

AXnNO-ACniS which react A.BNOHiIALLY WITH NITROUS ACID 

Glycocoll and Glyqjl peplids Glycyl-glycin, unlike the other 
peptids, reacts not only with its free primary ammo nitrogen, but 
also as Fischer and Koelker have shown, ^ with apart of the second- 
ary mtrogen m the peptid hnking This is doubtless connected 
with the pecuhar behavior of glycocoll itself when treated with 
mtrous acid It gives off not only mtrogen, but carbon dioxide 
and traces of some other gas, which is not absorbed by permanga- 
nate, indicatmg that decompositions deeper than the deamina- 
tion occur The behavior of glycocoll and glycyl peptides can be 
explained in three ways 

(1) The peptid is gradually hydrolyzed by the direct action of 
mtrous acid, freemg the ammo-acids 

(2) The glycollyl radical formed by the deammation is unstable, 
and decomposes in the reaction mixture 

(3) The intermediary diazo compound first formed does not 
decompose entirely in the normal way, with glycolhc acid as the 
sole product, but a part breaks down by another reaction which 
completely disintegrates the molecule into carbon dioxide and 
other products The disintegration of the radical at the end of 
the peptid chain breaks the peptid linkmg, and exposes the nitrogen 
of the next ammo-acid radical 

Onlj the last explanation is consistent with the facts The 
first IS refuted by the data of Table I The peptid Imkings of 
leucyl-leucin, leucyl-glycm, and glycm anhydride are not attacked 
by nitrous acid It is evident that the peptid hnkings themselves 
are not hjdrolyzed by the reagent, unless one of the acid radicals 
concerned is destroy ed 

The data in the foUowmg table show that the second explana- 
tion IS impossible, and that the third in all probabihty is correct 

Gljcolhc acid, e\en in much larger quantities than could be 
formed from the amounts of glycocoll analyzed, yields no trace of 
any decomposition gases Therefore, the second explanation is 

’ innalcn, cccxl, p 177 
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TABLE IV 



i 

i - 

23 

•4 03 

bt 

0^ 

^ 0 

-3 < 

a 

1 

i 

f 

z 

0 

0 

c; 

H 

U 

a 

H 

0 

2 

z 

0 

a 

5 

u 

fl 

A 

D 

5 

et 

z 

S 

a 

t* 

a 

a 

D 

OJ 

0 

a 

fii 

h 

Z 

» 

0 

a 

a 

e* 

22 

d:. 

=>2 

h 


1 

mtn 

ec 

cc 


mm 



Glycollic acid 

,0 3060 

30 

0 00 

0 0 





Glycollic acid 

0 4180 

60 

0 00 

0 0 





Glycocoll 

0 1110 

5 

37 2 i 

3 1 

19° 

766 

19 32: 

18 70 

Glycocoll ester-hydro- 



i 






chloride 

0 1608 

' 5 

29 0 1 

1 8 

20° 

766 

10 3^ 

10 Oo 

Glycocoll cster-hydro-| 







1 


chloride 

0 1608 

5 

29 4 

1 0 

20° 

766 

10 49 

10 Oo 

Glycyl-glycm 1 

0 1321 

4 

31 0 


22*^ 

760 

13 13 

10 CO 

Glycyl-glycm 0 13S8 

5 

33 8 


22° 

760 

13 72 

10 60 

Glycyl-glycm 0 1343 

8 

32 9 

0 6 

19° 

760 

14 13 

10 CO 

Glycyl-glycm 0 1343 

60 

33 8 

0 9 

21° 

760 

14 32 

10 60 


untenable Also, the fact that the glycyl-glycm reaction comes 
practically to an end after 8-10 minutes, when only 0 4 of the second- 
ary nitrogen has been set free, is unexplainable on the basis of a 
gradual decomposition of the glycollyl radical formed by the initial 
deamination Such a process, since the reaction is irreversible, 
would continue until complete 

The course of the glycyl-glycm reaction is, however, what would 
be expected in case the diazo compound first formed decomposes 
in two ways, a portion of the glycyl radical completely disinte- 
grating, while another portion follows the normal reaction course, 
with formation of stable glycollyl-glycm The complete disinte- 
gration of a portion of the glycocoll-diazo compound explains the 
origin of carbon dioxide from both glycocoll and glycyl-glycm. 
It also explains the fact that the reaction with glycyl-glycm takes 
approximately twice as long for completion as that with the ammo- 
acids The reaction in this case consists of two deaminations, 
one following the other, and should therefore cover twice the time 
of one deamination The glycollyl radical being stable, the pw 
of the molecule deamimzed in the normal manner is not furt er 
decomposed, and a portion of the secondary mtrogen (60 per cen 

in this case) remains stable , 

The same reaction probably occurs to a less extent wit y 
peptids When the glycyl group is m the molecule at any p a 
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except the end of the chain the peptid reacts only normally, as 
shown by leucyl-glycin and glycm anhydride 

That traces of a gas other than nitrogen and carbon dioxide are 
formed from glycocoU, is evident from the fact that all the analy- 
ses of glycocoll are somewhat high, even when the carbon dioxide 
IS removed completely by alkalme absorbent The gas measured 
IS about 103 per cent of the theoretical volume of mtrogen A con- 
siderable number of analyses, other than those tabulated, all 
gave similar results If one subtracts 3 per cent of the total amount 
of mtrogen found from the observed volume, the results are nearly 
as constant and close to theoretical as in the other ammo-acids 
Lystn Lysin reacts abnormally only m requiring a longer time 
to react completely than do the other amino-acids This is due 
to the fact that lysm reacts with two ammo groups, one of which 
is not m the a position and therefore does not react so rapidly 
The rate of reaction is shown by the following figures Tor each 
analysis 0 0888 gram of pure lysm picrate, dissolved m 10 c c of 
very dilute sodium hydrate solution, was used 


TABLE V 


TZi/i: OP ^ , TEiEPPBjLTtJBB 

PBES3UBE 

PER CEVr 
jLiU>o N 

CALC 

1 




TTim 

L 

1 

1 


5 

9 90 

19“ ' 

758 

6 36 


1 

7 47 

15 

10 75 

19° 

758 

6 87 


i 

1 

7 47 

15 

11 20 

20° 

758 

7 06 



7 47 

JO 

11 50 , 

13° 

75S 

7 39 



7 47 

30 

11 SO 

20° 

75S 

7 54 



7 47 

50 

' 11 70 

19° 

75S 

7 51 



7 47 

Cyslin The manner 

m which 

cystm reacts is 

shown by the 

following data 
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t i 



! . 
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1 
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1 
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0 U5J 

4 1 25 30 

' 19® 1 

759 j 

12 52 j 

11 

CG 

, 107 3 

0 115J 

30 ^ 25 60 

' 19“ 

1 

759 * 

12 OS j 

11 66 
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A slight amount of carbon raono\ide was apparently present, 
but the gas could not bo reduced to the theoretical volume b)' 
shaking with cuprous chloride solution The results with cystin 
are quite constant, however, and by using the factor 926 , the 
method can be utilized in analysis of solutions containing cystm 
The sample of cystin used was obtained by recrystallization 
from a bladder-stone, and gave the following figures on analysis 


0 1317 gm 

substance, 13 5 cc N (Dumas) at 22 5“ C, 758 nun 


0 1061 gm 

substance, 0 1157 gm COj, 0 0511 gm HjO 


0 0750 gm 

substance, 0 1458 gm Ba SOt 



Calculated for 

CiHuNi&Oi 

Found 

C 

29 96 

29 7o 

H 

5 03 

5 26 

N 

11 66 

11 67 

S 

26 7 

26 7 


MEASUREMENT OP THE VELOCITY AND EXTENT OP PROTEOLYSIS 
BY AMINO NITROGEN DETERMINATIONS 

As Emil Fischer and his pupils have shown, the proteins are to 
be regarded as chains of amino-acids hnked together as in peptids 
By hydrolysis the -CO-NH- links are split, with formation of a 
free -NHo group from each link Consequently, m a partially 
hydrolyzed protien, the ratio of the amino nitrogen already set 
free to that freed by complete hydrolysis is a measure of the pro- 
portion of the peptid hnkings broken, or the extent of the hydro- 
lysis Also, the rate at which the ammo groups are freed is the 
velocity of the hydrolysis 

As already shown, the peptid-bound nitrogen, m peptides con- 
taining the glycyl group at the end of the chain, can be attacked 
to some extent by nitrous acid, but few of the known proteins 
contain enough glycocoll to form such peptides m sufficient amount 
to appreciably influence the determinations 
Preliminary experiments are entirely in accord with the above 
deductions from Fischer's theory of protein structure and show 
that the course of proteolysis can be conveniently followed y 
ammo determinations Aside from its convemence, this has an 
advantage over the empirical methods, such as tannic acid precipi- 
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tation, salting out, viscosity measurements, etc , used m the study 
of proteolysis, m that it permits a direct chemical mteipretation 
of the results it shows the proportion of peptid linki ngs broken 
The extent of hydrolysis is calculated from the equation 

100 {A-Ao) 

Per cent of hydroiyai3= — 

-4.1— -afl 

A signifies the observed ammo mtrogen, Ao the ammo mtrogen of 
the mtact protem before hydrolysis, Ai, the amino mtrogen after 
complete hydrolysis * 

TABLE VII 

Digeslion of Edestin by Trypsin 


ISO CO HiO,6gm air dried edeatm, 0 5gm NaiCOa, 0 6 gm Grubler’a 
trypam Temperature 37° Portions of 5 cc removed at mtervala for 
determination of amino mtrogen 


B0UB3 

CC K OAJ9 BCOtTCED 

TO 0 760 lOL 

rzB czm or ras N 

PEB CENT HTDEOLTSIS 

0 

1 97° 

3 68* 

0 00 

2 

7 62 

14 93 

14 77 

4 

8 92 

17 47 

IS 15 

20 

12 62 

24 75 

27 40 

so 

19 56 

38 35 

47 30 

Complete hydro- 




Ijaia by HCl 

40 25 

79 00 

100 00 


*0 77 ce. of tho Qltrosea or per cent Is due to amlao nitrogen Introduced vrl h the trypsin 
Of the edestlQ Itself only 2 4 per cent of the nitrogen reacts with nitrous add. 


Hydrolysis of Egg Albumin by Ha OH 

100 cc H:0,2gm air-dried albumin, 5 gm NaOH Temp 60° Portiona 
of 5 cc for ammo nitrogen determmatiooa 


‘As Ao 13 relatively small, it can be left out of the formula when condi- 
tiona prevent experimental determmation of ita value, aa when the undi- 
gested protein la msoluble, and approximate reaulta can be obtained bj the 

equation hjdroI}sis= 

•li 
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HOUIW 

cc N OA8 hedoced 
1 TO 0°, 760 UM 

t— . 

0 

0 

78 

0 5 

1 

85 

4 5 

5 

04 

25 

10 

11 

IS 

12 

09 

9G 

15 

85 

144 

17 

75 

Complete hydro- 
lyfais byHCl 

22 10 


PjEh cent op the 
TOTAL N 

pen CECT BTDSOtlSH 

1 2 85 

0 00 

7 15 

5 19 

19 45 

19 95 

39 02 

43 70 

46 62 

53 02 

61 10 

70 70 

68 42 

83 20 


85 20 100 00 


F or complete hydrolysis portions were boiled 16 hours with 20 
per cent hydrochloric acid The free acid was removed as far as 
possible by concentration on the steam bath, the residues were 
taken up in water and used for duphcate ammo and Kjeldabl de- 
terminations 

USES OP THE AMINO DETEBMINATION 

In conclusion we summarize the uses to which the ammo deter- 
mination can be put 

1 Measurement of the velocity and extent of -proteolysis This 
has been described m the immediately preceding paragraphs As 
corollaries we have 

(a) Determination of the relative digestibility of proteins Be- 
cause of the ease with which the course of hydrolysis can be 
followed, the ammo method \vill afford a convenient means for 
determining the relative rates at which different proteins are 
hydrolyzed by enzymes, acids, or alkali 

(b) Quantitative determination of proteolytic enzymes With 
a given protein or peptid, the rate at which the peptid linkings are 
broken is a function of the active enzyme, and can consequently 
be used to determine the latter The problem of ascertaining 
the details of a practical method based on this principle will be 
taken up as soon as possible 

II Analysis of amino-acids As shown in table I, the nitrogen 
determinations by the mtrous acid method are fully as accurate 
as those by the Kjeldahl and Dumas methods Because of its 
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quickness and simplicity, this means of analysis has proven ex- 
tremely convement in identifymg and testmg the purity of the 
amino-acids obtained m hjdrolysis of proteins 
III Determination of the complexity and structure of peplids and 
proteolytic products A polypeptid of monoannno-acids contains 
only one free NH2 group m the molecule, that at one end of the 
chain Complete hydrolysis frees all the ammo groups, so that 
one IS present for each amino-acid Consequently the ratio (amino 
mtrogen after hydrolysis) (amino nitrogen of intact peptid) ex- 
presses the number of ammo-acids combmed to form the peptid 
Prolin and oxyprohn, which contam no ammo groups, and lysin, 
which contains two, are special cases and would not fall withm this 
rule, but all of the other ammo-acids react as monoammo-acids 
Consequently the mtrous acid reaction will serve to estimate approx- 
imately the average size of the peptids in the muxture from a par- 
tiallj hydrolyzed protem, and should be of material assistance 
in determimng the molecular size and structure of individual pep- 
tids isolated from such mixtures The results m Table I with 
proteins, primary and secondary albumoses, and peptids afford 
experimental basis for the above statements 
As an amino-acid radical, so situated at one end of the peptid 
chain that its ammo group is free, its carboxyl bound m a (CO-NH) 
linkmg, IS changed to an a-hydroxy acid radical by the action of 
mtrous acid, the isolation of an a-hydroxy acid after first deam- 
inizmg, then hydrolyzmg a peptid, mdicates the position, in the 
peptid, of that ammo-acid from which the hydroxy acid is denved 
For example, if a dipeptid should yield alanm and leucm on direct 
hydrolysis, but lactic acid and leucm on hydrolysis after previous 
action of nitrous acid, the peptid would be alanyl-Ieucm, 

CH, CtH, 

1 1 

NET- C CO-NH CH COOH If the products of deammation 
and hydrolysis nere alamn and a-hjdroxj-isocaproic acid the 

C*H, CH. 

! I 

peptid leucyl-alamn, NH. C CO-NH CH COOH would be m- 
dicated GIj cy I peptids, as before pointed out, react abnormally . 
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IV Charactenzahon of proteins TJbe aEomo-acids derived 
from proteins may be divided into two groups, those which react 
with nitrous acid with all of their nitrogen, and those which react 
with none or only a fraction of their nitrogen The latter group 
consists of prolin, oryprolm, argmm, histidin, and tryptophan 
The proportions m which these two groups are present m a pro- 
tein can be readily and aecurgtely determined by hydrolyzing, 
removing the ammonia by aeration^ or boihng %n vacuo with hme, 
and determining total and ammo mtrogen in the solution The 
ratio of ammo to non~amino nitrogen thus obtained is probably 
the most characteristic and accurately determinable general chem- 
ical constant of the proteins as a class It should prove not less 
useful than the mtrogen distribution method of Hausmann, which, 
as developed by Osborne and Hams, divides the acids into two 
groups, the “bases,” which are precipitated by phosphotungstic 
acid, and the other ammo-aeids, which are not By a combination 
of the phosphotungstic precipitation with ammo determination and 
special methods for argmm and cystm it is possible to determine 
the different hexone bases and obtain a fairly complete picture of 
the proportion m which the different types of ammo-acids enter 
into the composition of a protein, using for the purpose only two 
or three grams of material This method and results obtained 
with it will form the subject of a future paper - 

V Determination of Ammo Nitrogen m Unne A preliminary 
description of this has already been published * The work in full 
will be published m this journal 

VT Quantitative Determination of the Prohn obtained by the 
Deter Method of Protein Hydrolysis The determination of pro- 
Im in casein, with the aid of the ammo determination, is described 
m the paper following 

Addendum When a large number of ammo determinations are to be 
made by the method described m this paper, it is of advantage to use 
two of the 35 cc bottles (cf p 188), each fitted with stopper, 10 cc 
burette etc While one determination is being earned out, the next can 
be earned through the first stage, thus six ordinary (a-amino) determina- 
tions may be performed in an hour 


‘Denis This /ournaf, V, p 427 

preliminary description has been published m the ^ ,g 

Society for Experimental Biology and Medicine, Report of Meeting, y / 


1910 


*Proc Soc far Exp Biol and Med , vii, p 48, Dec 15, 1009 



QUANTITATIVE DETERMINATION OF PROLIN OB- 
TAINED BY THE ESTER METHOD IN PROTEIN 
HYDROLYSIS PROLIN CONTENT OF CASEIN 

Bt DONALD D VAN SLYKE 

{From the Laboralonee of the Rockefeller Institute for Medical Research, Neia 

York) 

(Received for publication, MarcL 6, 1911 ) 

Prolin IS ordinarily determined m the ester hydrolysis by alco- 
hohc extraction of the ammo-acids whose esters boil below 90“ at 
less than 1 mm pressure If the amino-acids soluble m absolute 
alcohol are all calculated as prohn, however, the results are too 
high, for the prohn is always accompamed by portions of the other 
ammo-acids, from which it cannot be separated by alcohol If, 
on the other hand, the impure prohn is racemicized and recrystal- 
lized as d-l-copper salt, only a portion of that present can be sep- 
arated from the mixture, because of the tendency of the other 
copper salts to crystalhze with it 
The prohn content can be readily and accurately ascertamed 
by determination of the total and ammo mtrogen of the alcohol- 
soluble mixture Each of the ammo-acids whose esters distil with 
that of prohn gives off all its mtrogen when treated with mtrous 
acid m the ammo determination described m the foregomg paper 
Prohn, on the contrary, does not react at all Consequentlj one 
can ascertain the prohn content of the mixture bj subtracting 
the ammo mtrogen, the difference being prohn mtrogen 
464 grams of casein were hjdroljzed, estenfied b> Fischer’s 
method, and the esters freed three times with banum hjdrate as 
described by Leiene and Van Sljke ^ The total jxeld of distilled 
esters was 374 grams The ammo-acids jnelded bj the esters 
boiling below 90“ at 0 5 mm pressure nere extracted with abso- 


‘Thia Journal, vi, p 419, 1909 
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lute alcohol Tlic alcoholic solution was concentrated as far as 
possible on the water bath, then taken up with cold absolute 
alcohol, and filtoied Repetition of this process gave a product 
completely soluble in cold absolute alcohol It was freed from 
alcohol by concentiating, taken up m water, and Kjeldahl and 
ammo deteiminations were performed upon aliquot parts of the 
solution The results were 



Grams 

Total nitrogen 

5 HI 

Amino nitrogen 

1 666 

Prolm nitrogen 

3 775 


The 3 775 grams of prolm nitrogen correspond to 31 10 grams 
of prohn, which is 6 70 'per cent of the casein 
The amino-acids in a portion of the solution which contained 
3 44 grams of nitrogen were racemicized by heating m the autoclave 
with baryta, then transformed into copper salts The yield was 
38 0 grams of anhydrous salts Recrystallizmg from water yielded 
19 0 grams of nearly pure d-I-piohn copper salt, corresponding , 
to 61 5 per cent of the prohn present as calculated from the nitrogen 
analyses, in the portion racemicized The substance gave the 
following figures on analysis 


0 3824 gm subst , 0 0416 gm loss at 100° in vacuo 
0 3561 gm subst , 10 78 cc sulphocyanate, Volhard copper titration 
0 3634gm subst, 2 40 cc nitrogen at 22®, 760 mm (nitrous acid method) 


HsO 

Calculated for 
Cu(CjHsOjN)j3HiO 

U 00 

Found 
10 88 

Cu 

19 40 

19 27 

AmmoN 

0 00 

0 34 


Calculating the impurity in the form of other ammo acids from 
the ammo mtrogen, the substance contained 4 4 per cent of their 
salts, 95 6 per cent of pure prolm salt 

From the mother liquors a second crop of 3 grams of anhydrous 
copper salt was obtained by erystalhzation, and a third crop of 18 
grams bj evaporating to dryness the filtrate from the second In 
the anhydrous salts could be seen granules of the violet prolm wp- 
per salt mixed with the blue salts of the other ammo-acids 1 e 
mixture gave the following figures on analysis 



Donald D Van Slyke 


207 



CBOP 2 

CBOF 3 

calculated Cu salts op 

PBOLl?. 

VALIN 

ALANIN 

N 

9 53 

9 97 

9 60 

9 44 

1 

[ 11 69 

AminoN 

4 40 

5 66 


9 44 

11 69 

Cu 

21 70 

22 43 

21 SO 

21 50 

26 53 

C 


33 81 

41 14 

40 57 

30 03 

H 


5 69 

5 53 

6 83 

5 05 


Separation of more probn by crystalhzation of the copper salts 
was impossible Later work has shown that from such mixtures 
as the second and third crops described above it is possible to iso- 
late a portion of the prohn by decomposing the copper salts with 
hydrogen sulphide and extracting the regenerated anuno-acids 
again with alcohol A portion of the valm and alamn remains 
insoluble, and from the alcohol-soluble portion a considerable 
part of the prohn can be isolated as copper salt For estimation 
of the amount of prohn present, however, the detenmnation of 
the total and anuno mtrogen contents of the mixture appears to 
be not only the simplest method, but the only one available which is 
quantitative 

The amino detenmnation is also the most dehcate test for the pur- 
ity of prohn isolated from mixtures of ammo-acids The other acids 
may be present m eonsiderable amounts without noticeably affect- 
ing the elementary composition of the prohn Vahn, for example, 
gives nearly the same analytical figures The presence of even 
traces of the straight-chain ammo-acids, however, is revealed, both 
qualitatively and quantitatn ely, by the nitrous acid reaction 
The prohn content of casein, found as described above, is twice 
that found by Abderhalden,' but agrees with that found by Enge- 
land with his methylation method * 

’ ZciUchr f physiol Chem , xlvi, p 23 
’ Ber d d chem Gesellsch xlu p 2962 
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New York, and of the United Stales Fish Commission at Woods Hole ) 

(Received for publication, March 6, 1911 ) 

Expenments oa the course of digestion and absorption of pro- 
tein in different parts of the ahmentary canal of the dog have been 
performed by Schnudt-iMtilheim,^ and later by London and Sivre,* 
Abderhalden, Medigreceanu, and London,* and Abderhalden, 
L Baumann and London * Similar work on the cold-blooded 
vertebrates has been lackmg, however The present work pur- 
posed to obtain data m this field, and also to follow the course of 
the protein cleavage by means of the mtrous acid deteniunation 
of primary armno mtrogen, which affords a direct chemical meas- 
ure of the extent and rate of protein hydrolysis ^ 

METHODS 

Beef, which had been chopped and boiled to eoagulate the proteins, was 
fed to the fish through a short stomach tube Specimens of as nearly 
uniform size as possible were used, and the amount of meat fed was gradu- 
ated according to the square of the animals’ length, m accordance with 
Rubner’s law of energy requirement The fish were killed after 6, 12, 24, 
48, or 72 hours The mtestme was hgated near the pylorus and cloaca and 
the stomach at the pylorus and oesophogus in order to ai oid loss of contents 
Both Organs were then removed, and the contents washed out The mix- 
tures obtained were centnfugated to separate the sohds, and the supernatant 


'Arch f Physiol , 1879, p 29 

'Zcilschr f physiol Chem , bt, pp 191, 194 

*Ibtd , Ivni, p 435 

'Ibid, xlvui, p 549, 1907 

‘Van Sl>kc This Journal, ix, p 185, 1911 
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liquid was filtered through glass-wool to remove a few particles usually 
remaining in suspension The solids were washed, also by centrifugatioa, 
and the nitrogen in the wsoluble residue was determined by the KjeWstl 
method 

The washings were united, brought to a convenient volume, 50 to 200 co., 
and aliquot parts used for determination of the total nitrogen, and of tha 
primary ammo nitrogen by the nitrous acid method Another portion of 
the solution was hydrolyzed by two days' boiling under a reflux condenser 
with 20 per cent hydrochloric acid The acid was then driven off as com 
pletely as possible by concentrating the solution to a syrup on a water bath 
The residue was diluted to a definite volume, and used for determination of the 
ammo nitrogen in the completely hydrolyzed contents The ratio of (ammo 
nitrogen after hydrolysis) (ammo mtrogen before hydrolysis) indicates 
the average size of the peptides in the digesting solution The urea deter- 
minations were made by the method of Levene and Meyer * 

The following results m detail, from the stomach contents in 
experiment No 5 serve as an illustration 

The fish received 40 grams of beef containing 5 03 per cent nitrogen, 
and was killed 12 hours later 

The soluble stomach contents obtained after centrifugating twice were 
diluted to 150 cc and analyzed 

TaCal iVtfropen, 10 cc samples, 21 03-21 05 cc -ilr HjSOj 
Nitrogen m 150 cc =0 442 gram 

Ammo Nitrogen 10 cc sample, 15 00 cc of nitrogen freed by nitrous 
acid, at 25“ 760 mm, Ammo nitrogen in 150 cc =0 125 gm 

Amino Nitrogen after Hydrolysis Twenty-five cc were mixed with 
cc of concentrated hydrochloric acid and boiled 16 hours The solution 
was concentrated, then diluted to 50 cc 10 cc gave 19 50 cc of nitrogen 
at 25°, 760 mm , equivalent to 0 325 gm of ammo nitrogen m the ongiun 
150 cc . 

Washings The washings, after the first, were analyzed separately o 
total nitrogen, in order to avoid inconvenient dilution of the portion use 
for amino determinations The washings contamed 0 324 gram of nitro 
gen Consequently the total soluble mtrogen was 0 442-1-0 234=0 67Ggm 
To apply to the total soluble nitrogen ,the ammo results therefore are mu i' 

plied by - I 

Solids These, by the Kjeldahl method, neutralized 28 03 cc of norm 

acid, equivalent to 0 392 gm of nitrogen 


1 Journ Amer Cheni Soc , xxxi, p 717, 1909 
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EXCRETION OF UREA BT THE LIVER 

In performing the ammo mtrogen determmations upon the mtes- 
tmal contents two facts were regularly noted which mdicated 
that a considerable portion of the soluble mtrogen did not origi- 
nate from protems or their hydrol 3 rtic products First the ammo 
mtrogen after complete hydrolysis amounted to only 40-50 per 
cent of the total soluble mtrogen Hydrolyzed beef protem con- 
tains 75 per cent of its mtrogen m ammo form Second, when 
mtrous acid was allowed to react for a long time, 5 hours instead 
of 5 mmutes, the amount of mtrogen freed was mcreased The 
mcrease was sufficient, after hydrolysis, to raise the ammo mtro- 
gen to 70-80 per cent of the total From the above behavior it 
appeared that 20-40 per cent of the soluble nitrogen was in a form 
decomposed by mtrous acid, but reactmg slowly instead of m 3-5 
mmutes hke the ammo-acids and peptides Urea and ammoma 
react m this manner Ammoma determmations by the Folin 
aeration method showed only a few per cent of the mtrogen m 
this form Urea determmations were then performed upon the 
soluble portion of the contents, by the method of Levene and 
Meyer, with the results that 25-58 per cent of the total soluble 
mtrogen was found m the form of urea (cf Nos 10, 11 and 15, 
Table H ) 

The probable source of this was either the bile, or the urine 
which might conceivably diffuse back from the cloaca mto the 
intestine In order to determme whether this occurred, the gut 
was thoroughly flushed out from the pylorous down with a stream 
of water before the fish were fed The fiushmg is easily performed 
from the anus with a glass tube, because the mtestme is straight 
The abdomen was then opened above the pelvic girdle and the 
mtestme firmly hgated near the cloaca The wound was sutured 
and the fish fed The operation appeared to mconvemence the 
ammals only in causing a reversal of the peristaltic waves, result- 
ing in regurgitation of part of the food After 48 hours the fish 
were killed and the ahmentary contents examined as usual The 
mtestmes contained about the same proportion of urea mtrogen 
as those of normal fish, and the ammo determmations ran the 
same course 

The urine being excluded, the bile appeared the probable source 
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of the urea From the gall bladders of several fish 4 cc of bile 
was obtained This was diluted to 25 cc and 5 cc used for a 
Kjeldahl determination 6 29 cc of ^ acid were neutralized, 
indicating 0 04403 gm of mtrogen in the 25 cc For urea deter- 
mination 10 cc were taken, and reqmred 9 10 cc of acid, indicat- 
ing 0 0318 gm of urea mtrogen in all, or urea itself equal to 1 7 
per cent of the bile The urea nitrogen constituted 72 3 per 
cent of all the nitrogen in the bile It is evident therefore that 
the bile duct constitutes an important avenue for the excretion of 
urea, and is the source of the urea found m the intestinal contents 
The presence of urea in dog-fish bile has already been quali 
tatively proved by Hammarsten, who crystallized and identified 
the substance, but did not determine the proportions m which a 
was present 

The behavior of the stomach contents mdicated the presence of 
but little mtrogen other than that derived from the food proteins 
The ammo mtrogen after total hydrolysis ran from 65 to 75 per 
cent of the total Apparently urea is not excreted into the ali- 
mentary canal through its walls but only through the bile duct 
The figures concerning the protein digestion are given m Tables 
I and II The figures for amino-acid mtrogen in the soluble intes- 
tinal contents are not absolutely accurate, because of the presence 
of the urea The amino determinations were uniformly made in 
5 minutes, however, and urea reacts so slowly with nitrous acid 
under the conditions of the determination that the error does not 
affect materially the significance of the results 
As mentioned, experiments 14, 15 and 16 were performed on 
animals with hgated intestines Part of the food was regurgi- 
tated by each of these ammals, so the results cannot be quan- 
titatively compared with those from normal fish 
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BESUIiTS 

Between two and three days were required for complete dis- 
posal of the meal 

The course of digestion varied considerably with different mdi- 
viduals, but the foUowmg facts are shown by the figures 
During the first 6 hours a considerable part of the coagulated 
protem in the stomach is dissolved and absorbed Little or none 
appears to pass mto the intestmes, which contain httle more 
mtrogenous matter than the mtestmes of starvmg dog-fish In 
the case of No 1, 44 7 per cent of the mgested nitrogen remamed 
undissolved in the stomach, 22 9 per cent remamed m the stom- 
ach in solution, and 7 per cent was found in the mtestme, leaving at 
least 25 per cent which had probably been absorbed from the 
stomach As the intestinal mtrogen undoubtedly did not all come 
from the meal, probably a higher figure than 25 per cent repre- 
sents the correct extent of absorption durmg the first 6 hours 
The passage of stomach contents mto the mtestme had hardly 
begun, and removal of any of the ingested mtrogen by defecation 
was hardly possible The average size of thepeptidscomposmgthe 
peptone m the stomach at the end of the 6 hour penod was that 
of a pentapeptid The ammo mtrogen content is a httle higher 
than that found m the deutero albumoses from Witte peptone ^ 
Evidently the protein is hydrolyzed rapidly after it gets mto solu- 
tion 

Durmg the 6-12 hour period the most noticeable changes are 
the passage of protein, both digested and sohd, into the intestine, 
and the progressive hydrolysis of the dissolved peptone The 
intestine now holds 30-45 per cent of the total mtrogen in the ah- 
mentary canal The peptone in the stomach is broken down on 
an average to the tripeptid stage, that of the mtestme a httle far- 
ther 

By the end of 24 hours 40-70 per cent of the mtrogen has 
disappeared, and of that left, m both stomach and mtestme, 
65-S5 per cent is m solution The average complexity of the pep- 
tone in the stomach has fallen to about midway between the di- 
and tripeptid stage Further cleavage apparently does not occur 
m gastric digestion 

‘This Journal, ix, p 194, 1911 
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During the second 24 hours the disappearance of both soluble 
and insoluble protein proceeds, in 2 cases out of 3 only 14 per cent 
of the ingested nitrogen being left in the digestive tract The 
cleavage of the unabsorbed peptone, however, goes no farther 
than in the first 24 hours 

By the end of the third day, solution and absorption of the pro 
tein is practically complete in one case, in the other only 10 per 
cent of the ingested mtrogen, nearly all dissolved, remains m the 
tract The degree of cleavage of the peptone is practically the 
same as that attained after 24 hours 

Throughout the digestion the soluble proteolytic products in 
the intestine show practically the same degree of cleavage, which 
does not differ greatly from that attained in the stomach after 
24 hours 

Peptonization of the protein m the stomach frees the accompany- 
ing fat, which collects in a layer when the stomach contents are 
centrifugated Lipolysis occurs rapidly in the intestines, for no 
fat layer could be detected in any sample of intestinal contents 

Urea is regularly present in the intestinal contents Animal'' 
in which the intestine was flushed out and hgated 24 hours before 
killing still showed a normal proportion of urea in their intestinal 
contents This excludes the possibility that the urea could be 
due to urine diffused back from the cloaca The urea comes from 
the bile, which, m the samples analyzed, contained 72 per cent of 
its nitrogen in the form of urea Evidently in the shark family 
the liver shares with the kidney the function of excreting urea 

COMPARISON WITH DIGESTION IN MAMMALS 

The most noticeable difference in digestion between the warm- 
blooded and cold-blooded carmvora is m the tune required for diges- 
tion and absorption Schmidt-Mulheim found that meat was - 
gested completely and absorbed to the extent of 95 per cent in 
hours About six times as long is required in the dogfish London 
and Sivre^ found that in a dog, which was fed meat, half of the ni ro- 
gen had moved into the duodenum in 1 hour, and m 5 hours e 
stomach was empty In the dogfish the stomach is not en ire 


^Loc at 
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empty after 48 hours The relative slowness with which digestion 
proceeds m the fish is doubtless partlj^ due to the slower rate of 
chermcal activity at the lower temperature As there is about 
20 degrees difference between the temperature of dog and the fish, 
the same chemical reactions, accordmg to the van’t Hoff law, 
would proceed 4 to 9 times as fast at the higher temperature, a 
difference of about the order of magmtude found 
In both the fish and mammals, transfer of chyme to the mtes- 
tine occurs after the proteins m the stomach have been only par- 
tially peptoniaed The mtestme receives some protem which 
has not even been dissolved by the gastnc jmce 

Regardmg the relative completeness with which the digestive 
juices of the dog and dogfish respectively hydrolyze the mgested 
proteins, a satisfactory comparison can be made only after the 
gastric and intestinal contents of dogs have been examined with 
the ammo detenmnation method The results of Abderhalden, 
hledigreceanu, and London, and of Abderhalden, Baumann, and 
London show that at no pomt in the ahmentary canal of the dog 
is protem all broken down to ammo-acids, a large proportion of 
the mtrogen being precipitable with phosphotungstic acid, and 
not obtained with the Fischer method for ammo-acid esters It 
appears probable that cleavage proceeds as far m the canal of 
the fish as m that of the dog That greater vanation m the con- 
tents of different sections of the dog's tract occurs, is natural, con- 
sidering the much greater complexity of the dog's mtestme 
The presence of large amounts of urea m the bile, as in the blood, 
appears peculiar to the shark family 

In future investigations of this nature, information of value 
can doubtless be obtained by determimng the proportion of ammo 
mtrogen, both before and after complete h>drol>sis, separatelj, 
in the portion of the aliraentery contents precipitable bj phospho- 
tuiigstic acid, and in the fraction not precipitable 
We wish to thank Prof G H Parker, of Cambridge, and Prof 
G G Scott, of New York, fjr friendly advuce and assistance m 
operations on ammals used m some of the expenments above 
reported 
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the relations between digestion and ASSnULATION ^ 

The rate of the catabohsm of a protein is detenruned principally 
by two factors, namely by the rate of its digestion and by that of 
its absorption In the process of protein assimilation, according 
to the prevailing views, the controlhng influence is exercised by 
the same two factors Many writers assume that the reconstruc- 
tion of body protem from the mgested matenal begins only after 
its complete deterioration On the basis of these theones the 
value of a protem for the organism rises with the mcrease m its 
digestibility 

However, there are recorded facts which are not m full harmony 
with this assumption Thus Falta flrst demonstrated that the 
degree of mtrogen retention is detenruned by the nature of the 
ingested proteins This view was corroborated by Graffenberger 
and veiy recently by Voit Accordmg to Falta the fragments of 
protein molecule which resist the destructive influence of the 
gastro-mtestmal jmces are those that are retamed the longest m 
the organism, and are, perhaps, utilized for the purpose of protem 
assimilation In a recent senes of articles Levm, Manson and 
Levene, and Carrel, Aleyer and Levene have reported experiments 
of an entirely different character which demonstrate the correct- 
ness of this view 

»The problem n as suggested bj Dr P A. Le\ ene. Prelumnarj work waa 
begun at \\ oods Hole m the summer of 1909 with Dr Wm M. Clark at 
present of the U S Dept of Agriculture, and C B Bennett of the Hmver- 
sity of Vermont 
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Digestibility and Retention of Proteins 

It IS Icnown that the act of digestion and absorption is accom- 
plished principally in the intestinal tract, while m the stomaeli 
the rate of protein absorption is low and the digestion does not 
pass the stage of proteoses 

On the basis of the generally accepted view of protein meta- 
bolism it seems reasonable to expect that the factors facihtatmg 
the transportation of a protein from the stomach to the intestinal 
tract should increase also the value of protem foodstuffs The 
observations of Levene and his co-workers are contradictory to 
this expectation They brought to hght the fact that, after gas- 
trectomy or gastro-enterostomy, when the food enters directly into 
the intestinal tract, the rate of nitrogen elimination is high, but the 
rate of retention is very significant, while the results are reversed 
after resection of most of the small intestine On the basis of 
these experiments it seemed more reasonable to axpect that fac- 
tors causing a delay in transportation of protein foodstuff from the 
stomach to the intestinal tract would result in a higher rate of 
nitrogen retention 

The present investigation was originally undertaken with the 
purpose of establishing the food value of the proteins of the fish 
meats compared with each other and with that of lean beef In 
courseof the experiments it wasfound that the meats variedmarked- 
iy, according to their source and mode of preparations, in the readi- 
ness with which they were digested It was found possible, there- 
fore, to test the influence of variations in the digestibility of pro- 
teins, shown by the curves of nitrogen elimination after their 
administration, upon the degree of nitrogen retention The results 
are m harmony with the views expressed by Falta and by Levene 
and his co-workers 


THE NITROGEN EXCRETION CURVE AFTER PROTEIN FEEDING 

The curve for the excretion of mtrogen m the urine after pro- 
tem feeding has been studied by a number of experimenters, begin- 
ning with Becher in 1855 and Voit in 1857 The literature is 
reviewed m recent papers by Stauber* and by Haas^ The results 

iStauber Biochem Zexlschr , \xv, p 187, 1910 

* Haas Ibid , \n, p 203, 1908 
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may be summarized briefly In. the case of a man or dog on a 
normal diet the greater part of the protem mtrogen consumed at 
a meal is rapidly transformed m the body and excreted m the urine 
Consequently the hourly mtrogen excretion rises rapidly after a 
meal, and falls agam to the ongmal height, which may be termed 
for convemence the “fasting level/’ after digestion and absorption 
are concluded The nature of the excretion curve is not markedly 
affected by bodily rest or activity (Haas), but is dependent upon 
the nature and amount of protein ingested, and, m man at least, 
to some extent upon the water intake When larger amounts of 
protein are fed, more tune is required for the curve to return to 
the fasting level The mtrogen of certam proteins, as found by 
Falta^ and Graffenberger^ is metabohzed more slowly than that 
of others 

In man, the excretion curve during digestion may be irregular 
Withm a short tune after eatmg (half an hour, Veraguth^), a minor 
maximum usually occurs, due apparently to diuresis followmg the 
intake of water, which is quickly excreted, and washes out the 
mtrogenous waste products from the tissues (Haas) A second 
and third maximum usually occur 2 to 4 and 4 to 7 hours after a 
meal following, Tschlenoff* suggests, the penods of greatest 
resorptive activity m the stomach and mtestme respectiveb’’ 
Stauber® found the highest excretion normally about 5 hours after 
feeding When meat, predigested by pepsm was eaten, however, 
the chief maximum occurred withm 1-2 hours, indicating that the 
products of protein digestion are absorbed and excreted soon after 
they are formed 

In experiments with dogs, m which the ammals were fed meat 
equal to 2-4 per cent of the body weight and cathetenzed at mter- 
vals, the bladder being washed out thoroughly, the curve of mtro- 
gen excretion following a meal was found to rise regularly to a 
maximum, which occurs after 4-S hours, then to fall gradually to 
the fasting level, reached after about 20 hours * Comparison with 

‘Falta Deulseh Arch f llin Med, Ixxxvi 
* Graffenbcrger Zcitschr / Biol , -csvijj, p 337 
‘Veraguth Journ of Physiol, xxi, p 112, 1S97 
‘Tachicnoff Correspondcm-Blall f Schxccxzer Aer.le, 1590 
‘Stauber loc cit , Ccnlralbl f d mcd IVijj, 1596, p 349 
•Fcdcr Zeilschr f Biol, p 541 
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the rate of absoiption from the alimentary canal found by Schmidt 
Mulhemi^ indicated that excretion lags behmd absorption during 
the first 2 hours, nitrogen being retained m the body during this pe- 
riod From then till the 12-14th hour absorption and excretion 
run ahnost parallel Absorption is practically finished at this 
time, but excretion continues at a slow rate, gradually falling to 
the fasting level 

From the above it appears that under normal conditions the 
rate of excretion of nitrogen m a dog durmg the first 12 hours after 
feeding gives a fairly accurate picture of the course of digestion 
and absorption Our o^vn results indicate that, with an animal 
kept under uniform and normal conditions, the rate of nitrogen 
excretion is almost entirely dependent upon the food, and charac- 
teristic for any given diet By combimng the data eonceiiung 
the rate of excretion with those from analysis of the feces, we aimed 
to obtain results showmg both the rate and the completeness of 
the absorption of protein from the different foods employed 


METHODS 


A dog in approximate nitrogenous equilibrium was fed once in 
24 hours, and the rate of mtrogen excretion m the urine followed 
by catheterizing at 3-hour intervals The rate of excretion is 
taken as an index of the readiness with which the proteins are diges- 
ted, absorbed from the alimentary canal, and metabolized m the 
body The mtrogen of the feces is taken as an index of the rela- 
tive completeness with which the proteins of the different foods 
are absorbed 

For all except the first experiments (Table I) the dog was fe 
the following diet 


Meat 

Starch 

Fat (Lard + Meat fat) 
Salt 

Bone Ash 


to contain 3 gm of nitrogen 
65 gm 
26-27 gm 
5 gm 
Sgm 


During alternate expenments charcoal was added to the food, 
make possible a sepa ration of the feces from the different diets 

»Schmidt-Miilheim Arch f Anat « Physxol , Phyml AW, 1879, P 39 
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addition of bone ash this proved satisfactory The food was wanned to 
body temperature before feeding 

The meats were freed from visible fat, skin, etc , and ground as fine as 
possible in a machine They were then boiled for 20-25 minutes, and thor- 
oughly drained The salt cod was shredded and soaked in fresh water 
over mght before boihng Immediately after taking samples for analysis 
the meats were frozen, and kept in that condition, as suggested by Gies 
Food Analyses Ejeldahl determinations were performed upon 2- 
gram portions of the ground and drained meats The samples were taken 
from Afferent parts of the mam portion, duphcates as a rule, agreed satis- 
factorily The starch and lard were practically mtrogen free 
For fat determmations, 2 gm of the meat, without pre limin ary drymg, 
were ground up with anhydrous copper sulphate untd the mixture became 
a dust-dry powder This was then extracted 8 hours m a paper thimble 
with carbon tetrachloride The method proved convement and gave close 
duphcates throughout The fat contents of the difierent meats were 
periwinkle, 1 78 per cent, squeteague, 9 35 per cent, tautog, 2 03 per cent, 
eel, 6 79 per cent, boiled cod, 0 50 per cent, fned cod, 1 83 per cent 

Analysis of Feces The feces as soon as gathered were placed in con- 
centrated sulphuric acid, in which they formed a solution or homogenous 
suspension This was diluted to a known volume at the conclusion of each 
food test, and ahquot portions used for mtrogen determinations 

Ubine was collected chiefly by catheterization, the bladder bemg washed 
4 times at each catheterization. Unne voided in the cage was washed mto 
a bottle contaimng acid, and umted with that obtamed by catheterization 
at the end of the current period The animal, a fox terrier bitch of 7 3 
kilos weight, was cathetenzed every three hours after the daily feeding 
for 12 hours, then again at the end of the 24th hour 

RESULTS 

In order to test the effect of non-protein food on the digestibihty 
of protein, the preliminary experiments tabulated m Tables I 
and II were performed The animal was not yet m equihbnum 
In the first 2 days of the senes the dog received daily 60 grams of 
meat and 25 grams each of crackerdust and lard Durmg the 
next two days 60 grams of cornstarch was added to the diet The 
effect of the added starch is markedly apparent m a retardation 
of absorption, as shown by the slower e.xcretion of urmary mtro- 
gen While with diet 1 the height of excretion occurs m the first 
two penods, durmg which 0 47 and 0 69 gram of mtrogen were 
excreted, with diet 2 only 0 37 and 0 49 gram were voided durmg 
these penods, and thereafter the rate remamed higher than with 
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diet 1, indicating that a longer time was required for fimshing 
the digestion and absorption when more carbohydrate was present 
From these results it is apparent that not only the amount of pro- 
tein fed, but also that of the other food constituents is a decided 
factoi in the rate of absorption 

The nitrogen of the feces indicated little difference in the com- 
pleteness of absorption, 84 8 per cent of the mtrogen m one case 
and 82 3 per cent in the other The effect of the added starch m 
sparing protein and bringing about mtrogenous equilibrium is seen 
on the fourth day 

The remaining experiments were performed after the animal 
had attained eqmlibnum on the standard diet (p 222) The tests 
were run in duplicate, except for the weakfish and periwinkle 
The average results are summarized in Table II, the data from the 
different diets being arranged in a descending senes, based on the 
relative rate at which the protein in each is digested and absorbed, 
as measured by the mtrogen excretion m the urme The nitrogen 
excreted during the first 9 hours after feeding is taken as the mde\ 
for comparison The weight of the dog, remained without signifi- 
cant change during the experiments 

Table II shows a striking and une'pect-’J relation between the 
relative rates at which the proteins were digested and metabolized, 
as shown by the nitrogen balances The diets tabulated at the 
left, from which the nitrogen was absorbed and metabolized most 
rapidly, were least capable of mamtammg equilibrium The loss 
of nitrogen is m three of the four diets showing a negative balance, 
due at least partly to decreased absorption, as shown by the large 
nitrogen content of the feces A possible explanation is that both 
the rapid digestion and the incomplete absorption were due to 
stimulation of peristalsis, which caused the alimentary contents 
to be digested and absorbed more rapidly, as the result of quicker 
mixung with the digestive fluids and more thorough contact with 
the absorbing surfaces of the digestive tract, but at the same time 
passed the contents through too rapidly for complete absorption 
Another factor lies m the fact, shown by the recent work of 

Carrel, Meyer and Levenek that protein jsmore efficientm mamtain- 

mg nitrogenous equihbnum when it is absorbed before cleavage has 


^Atner Journ of Physiol , 1909, 1910 
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0 4S8oO 1614 0 4540|0 1539 WeaLfish-flcshj 60 OO, 2 24 

'O 6S34|0 2278 0 70600 2353 Cracker Dust [ 25 00 0 44 

,0 41500 1383 0 445(^0 14S3[ Lard ! 25 00 0 00 

0 29410 09S0'0 29000 0967 Salt 5 OO. 0 00 


0 29410 0980 0 2900^0 0967] Salt 
0 S3600 0697 0 8266,0 0689 


N etcretjon 
Food K’- 

N Balance 



- 465 I 


Digeotion coefSoient, 84 8 per cent 



,0 37830 1261 0 37270 1242j Weakfish-fl&.h! 60 00, 2 24 

0 50020 1667 0 47990 1600j Cracker Dust J 25 00 0 44 

0 47040 I36SO 44230 1474 Starch 60 Oo’ 0 00 

0 3S5S0 12S3 0 2809 0 0936j Lard ' 25 00 0 00 

1 029 0 0857 0 7078 0 0589, Salt ' 5 OO 0 00 


Total 

2 764 1 

2 283 

Feces 

0 473 1 

0 473 , 

1 

N excretion 

3 237 1 

2 756 , 

Food X 

2 6S0 

1 

2 6S0 1 

N Balance 

!— 557 1 

1 l 

- 076 


DigCbUon coefficient, S2 3 per cent 
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proceeded to the lowest stages Whatever the cause, it is evident 
that ready digestibihty of protein foods does not indicate complete 
availability, but that, within certain limits, the relations may be 
exactly the reverse The relations between the fresh and salt 
cod diets form a marked illustration The mtrogen from the fresh 
cod, boiled or fried, was digested and absorbed the most rapidly 
of that of any of the diets, but, absorbed and retained the least 
completely The salt cod, which was fed m the interval between 
the two fresh cod diets, was absorbed and metabohzed much more 
slowly, doubtless due to the physical effect of the preservation in 
salt, but the absorption and retention were proportionally more 
complete 

The above results are consistent with those recently obtamed 
by E Voit and Zisterer,^ who find that casein is less capable of 
mamtaimng mtrogenous eqmhbrium when fed after artificial 
digestion with pepsin, than when fed without previous digestion, 
too early peptonization appeared to decrease the food value of 
the protein 


TABLE II 

Summary of Mean Results 


POOD 

BOILED 

COD 

PEXEO 

COD 

BOILED 

DEEP 

SOILED 

TAUTOG 

BOILED 

EEL 

BOILEI 

WEAK- 

FZBH 

.1 

BOILEC 

MUSSEL 

BOILED 

SVLT 

COO 

JJOltED 

PEBI- 

WDISLt 

N m urme dur- 
ing first 9 hours 
after feeding 

1 

1 

1 50 

1 36 

1 29 

i 

1 28 

i 

1 24 

1 ?3 

1 23 

1 07 

1 00 

N absorbed inj 
24 hours 

1 98 

1 80 

2 58 

2 55 

1 91 

2 53 

2 40 

' 2 58 

2 57 

N excreted in 24 
hours 

2 51 

2 48 

2 76 

2 35 

2 20 

2 34 

' 2 22 

2 29 

1 00 

N retained 

-0 53 

-0 68 

-0 18 

+0 20 

-0 29 

+0 19 

+0 IS 

+0 29 

+0 47 


SUaiAIABT 

A dog was once fed in 24 hours and catheterized 3, 6, 9, 12 and 
24 hours after each meal The rate of nitrogen excretion is taken 
as an index of the rate of absorption from the alimentary canal 


^Zeitschr f Biol , lin, p 457 
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Addition of starch to the diet decreased the rate of nitrogen 
metabohsm, but had no significant effect on the completeness of 
absorption 

The diets containing boiled meats, other constituents being con- 
stant, rank as follows when arranged in order according to the 
relative rates at which their nitrogen was digested and absorbed, 
as mdicated by the nitrogen excretion fresh cod, beef, tautog, eel, 
weakfish, mussel, salt cod, penwinkle 
When ranked according to the amount of nitrogen retained from 
each, the order is practically reversed 
The failure to retam the mtrogen of the more quickly digested 
and metabolized proteins appears partly due, m the fresh cod and 
eel diets at least, to mcomplete absorption. Another cause doubt- 
less lies in the fact that a larger proportion of the more rapidly 
digested protems is absorbed m the form of the lowest cleavage 
products, which appear, from recent work of Carrel, Levene, 
Meyer, and hlanson, less capable than the higher cleavage prod- 
ucts, of mamtammg the mtrogenous equihbnum of the body 
Apparently there is an optimum rate of digestion m the alimentary 
tract, which constitutes the condition for the formation and absorp- 
tion of proteolytic products m a manner makmg possible their 
most complete assimilation by the body This optimum rate of 
digestion may not only be fallen short of, but may be exceeded, as 
in some of the experiments above reported 

in rv 



Beef 


Weakfish [Pynoscion regalis ) 

Horna | 

a VII 1910 

|3 vra 1910 


1 8 rX 1910 

0-3 ' 

1 

0 3612 

1 0 3182 

0-3 

1 0 3400 

3-0 

0 533S 

, 0 503S 

3-6 

1 0 5009 

6-9 

0 4470 

1 0 4439 

6-9 

1 0 3972 

9-12 1 

0 4747 

t 1 363 

9-12 

( 0 3757 

12-2-i 1 

0 9S70 

1 

12-24 

) 0 8740 

0-24 1 

I 2 SOI 

1 3 629 

0-24 

2 4S8 

N of fecca 

1 0 423 

' 0 423 

N of feces 

1 0 472 


1 3 227 

, 3 052 


' 2 960 

Balance 

j -0 227 

' ~0 032 

Balance 

-rO 040 
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V 


Taulog {Tautoga onilis) 


Houna 

8, XII, 1910 

I 8. XIII. 1910 

0-3 



3-6 



6-9 


0 4052 

9-12 


0 3161 

12-24 

0 7618 

0 6940 

0-24 

HQH 

2 245 

N of feces 


0 444 


BIBI 


Balance 




VII 

Eel (Anguilla chrysypa ) 


Houna 

8, XVI, 1910 

0-3 

0 3657 

3-6 

0 5720 

6-9 

0 3010 

9-12 

0 3055 

12-24 

0 6515 

0-24 

2 196 

N of feces 

1 087 


3 283 


VI 


Periwinkle (Litonna lilorea ) 


ao0iis 

8, XIV 1910 

8 \V 1910 

0-3 


O28S0 

3-6 


j 0 37S0 

6-9 


0 2549 

9-12 

0 254S 

0 2507 

12-24 

0 6534 

0 6457 

0-24 


1 817 

N of feces 

mm 

0 634 


2 624 

2 451 

Balance 

+0 376 

+0 549 


VIII 


Mussel (Mylilus edulis ) 

BOVRB 

8, XVII, 1910 

8 Will. 1910 

0-3 



3-6 


0 4480 

6-9 



9-12 

0 3210 


12-24 

0 6555 

Bin 

0-24 

2 264 

2 175 

N of feces 




1 ^ 

2 779 


Balance 


Balance 


2 

+ 
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IX ■s: 


Soiled Cod (Gadus callanas) Salt Cod 


HO0E3 

1 

8 "UX 1910 1 
) 

8 VX 1910 

BOCHS 

8 XXI 1910 

i3 XXU 1910 

1 

0-3 

0 2830 1 

0 3580 

0-3 

0 2645 

i 0 2660 

3-6 

0 6365 i 

0 6560 

3-6 

0 4550 

1 0 4558 

6-9 

0 5600 ) 

0 5095 

6-9 

0 4610 

j 0 3460 

9-12 

0 3360 : 

I 0 3105 

9-12 

0 2970 

0 3725 

12-24 

0 6370 |! 

j 0 7215 

12-24 

0 7914 

i 0 9430 

1 

0-24 

2 452 ! 

j 2 555 

0-24 

2 269 

'1 2 383 

N of feces 

1 020 j 

1 1 020 

N of feces 

0 422 

1 0 422 


3 472 

\ 3 575 


2 691 

1 2 805 

Balance 

- 472 

1 

Balance 

+ 309 

1 + 195 


XI 

Fried Cod 


BOtJfiS 

8 xxni i9io|s^xrv i9jo 

0-3 

0 3823 

0 2030 

3-6 

0 6840 

0 5015 

6-9 

0 4985 S 

0 4805 

9-12 

0 2960 ' 

0 4170 

12-24 

0 7030 ; 

0 8050 

0-24 

2 519 

2 407 

N of feces 

1 197 

1 197 


3 746 

3 604 

Balance 

- 746 

[ - 604 




THE INCREASE IN METABOLISM DUE TO THE WORK 
OF TYPEWRITING 


By THORNE M CARPENTER 

{Prom, the Nutrition Laboratory of the Carnegie Institution of Washington, 
Boston, Massachusetts ) 

(Received for publication, March 7, 1911 ) 
lNTRODt^CTIO^' 

Numerous expenmeuts have beea made to determme the metab- 
olism of aa mdividual at rest, either rechamg upon a bed or couch, 
or sittmg qmetly m a chair In many of these the carbon diovide 
output and o\ygen consumption have been measured, m others 
the heat production and heat elimination, and m a smaller number 
ail four factors simultaneously From the results of these re- 
searches it IS possible to compute qmte accurately the 24rhour 
metabohsm of an adult mdividual lymg m bed or sittmg, combmed 
with a defimte number of hours of sleeping If, however, an at- 
tempt IS made to compute the total metabolism of an mdividual 
engaged in an occupation in which muscular work is mvolved, or 
even in common everyday movements such as walkmg, runmng, 
and gomg up and down stairs, we find that the amount of avail- 
able data for such a calculation is extremely limited and, mdeed, m 
most instances wholly lacking While many people m this country, 
particularlj women, are engaged m stenography and typewnting, 
thereby eammg a hvehhood, the amount of meehamcal work m- 
volved m operatmg a typewriter and the expenditure of energy 
roquu-ed have been but httle studied Some idea, however, of 
the mcrease in the several factors of metabolism comcident with 
this tJTie of work was given by the results of two experunents 
reported m a previous publication * Although the results of these 

' Carpenter and Benedict This Journal, \ i, p 271,1909 
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dismantled, and no additional ^sed was nece&anh 

years Inasmuch as these 

^een made on this subject .t """^y experiments which had 
the results at that time ^nrl + ^ advisable to publhh 

experiments when oTportuL ^ly making other 

of study upon total metahnh ^ ~ Among the many liae> 

has in view is that of mii=;f '''"hich the Nutrition Laboratory 

muscular work and total met amount of 

‘■O.S As typewrl‘„““ 

ity of the Nutrition T oK .. ^ ^ ^ secured m the viciii 

the writer recently earned" suggestion of the Director, 

reported m which thn senes of experiments hereiuth 

of type™!"™' r 


i-cjCdUATas 


£ ="£;2rs •; ' 

apparatus nerm.t ^ ^ ^ previous publication ' This 

such movem^nT fu comfortably m a chair, and make 

iL W ren f r - "tudy like the 

Measure' thT cn b - P«-We to 

vauorized n d h °+” mxide eliminated, oxygen absorbed, water 

of Leuraev T^r ® Periods with a great degree 

of nlcnhoJ ^ 1 ^PP^^^tus has been repeatedly tested by means 
WH ^ -nd electrical check experiments and the facLs re- 
Thp etermined to within 1 or 2 per cent per hour 

rliiv ' a ion 0 t e apparatus m the study here reported was, 

during the rest periods, about 40 liters per minute, during the type- 
witmg peiiods this was increased to about 75 liters per minute, 
bus securing uniformity m composition of the air during the rest 
an ypewriting periods The humiditj' in all of the experiments 

No Capenter Carnegie InslUulion of Washinglon Publication 
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varied from 32 per cent to 55 per cent, while the carbon dioxide 
varied from 30 parts per 10,000 to 87 parts per 10,000 The 
temperature was comparatively uniform m the experiments, being 
kept between 20 5° and 21 5°C 

Accessory apparatus In order to obtain data regardmg the phys- 
ical condition and muscular activity of the subjects, several forms 
of apparatus were used The pulse rate was obtained by means of 
a Bowles stethoscope which was attached to the chest of each sub- 
ject m such a manner that when connected by means of tubing 
to the outside of the chamber, a count of the heart beat could be 
easily obtained It was possible in this way to get the pulse rate 
in the rest experiments in a number of instances, although not 
durmg the entire experiment During the typewriting periods, it 
w as extremelj difhcult to get any records of this factor, the only 
opportunity for this bemg when the subjects put a new sheet of 
paper into the tj'pewriter Even at that tune, however, the pulse 
beats which could be heard distinctly' were very' few, seldom, if 
ever, more than 10 or 12 By using a stop-watch, an approximate 
count w as obtained of these few pulse beats, and while the individ- 
ual counts in some of the typewTitmg periods may be shghtly in 
error, it is believed that the average of a number of separate records 
la sufficiently accurate In some of the experiments, how ever, the 
stethoscope w'as pulled away from the chest of the subject in such a 
manner that it w as impossible to get any' count Upon listening 
at the tube from the stethoscope, it was found that an assistant 
could note the time at which the carnage was thrown back for the 
beginning of a new line \ccordingly , in sex eral ot the experiments 
tune records were made upon the kyunograph record to show the 
apecd at which the work was being done 

\n Ellis pneumograph was used in theae ex-perunents, first, 
to obtain a record of the relatix e muscular actmty or quietness of 
the subject m thereat periods, and second, to get the rate of respira- 
tion The records of the muscular actixity xxere obtained by hax- 
mg the pointer of a tambour write upon a ky-mograph drum This 
kxmograph drum, which was 51 cm in circumference, rexolxed at 
i xory blow rate so that one revolution was obtained in about 
thrccMiuarters of an hour, or in one hour The minor oscillations 
ol the pointer w Inch could be counted by Using a stop-w atch show ed 
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m excursions showed the vanatioiii 

kvniQrrr typewriting periods in the earlier experiments, the 

abotit°n ® ^ ^ faster rate of 

about one revolution in 3 to 5 minutes, and by usmg a Jaqud 

fmeaZ 

later pvnAr^ 6 records of the respnation movements In the 
nnc,}^ respiration records were obtamed simultane- 

■riasrT fnfh^VTZ^^ muscular activity by connectings 

rpvAh a + ^ pneumograph, one kymograph being 

Th ^ ^ ^ other at a somewhat faster rate 

ni emperatures avhen taken were obtamed by means of 

Clinical thermometers inserted underneath the tongue The 
ermometer was held in this position with the mouth closed for 
about 4 minutes, it was then removed, put m a case, and read after 
e experiment was finished This record was usually taken at 
tnree separate times in an experiment, z e , durmg the first 5 min- 
utes of the first rest period, during the first 5 minutes at the begin 
nm^oHhe typewntmg period, and after the typewriting period was 


wo standard makes of typewriters were used m the experiments, 
one a recent model of the so-called "visible” tjpe, and the other 
an older model of the “invisible” type In order to support the 
machines a specially constructed wooden table was used which 
fitted upon the arms of the chair This permitted the subject a 
slight freedom of movement and at the same time allowed him to 
operate the machine without being hampered 


MAN OP EXPERIMENTS 

The general plan observed m practically ail of the experiments m 
this study was as follows The subject, who had previously been 
instructed regarding details and routme, came to the laboratory 
early on the morning of the experiment, havmg eaten no breakfast 
After the stethoscope and pneumograph had been adjusted, he 
immediately entered the respiration chamber and seated himself 
The typewriter stand, typewriter, and accessory apparatus were 
then adjusted, the subject commenced readmg, and as soon as the 
calorimeter had been sealed, the preliminary period began After 
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eqvuhbnum had been established, the expenment was commenced 
and the several periods of rest followed accordmg to the pre- 
arranged program Durmg these rest periods the subject remamed 
seated, extremely quiet, readmg, bemg particularly qmet at the 
end of each period m accordance with special signals ^ Then 
followed immediately the periods of typewriting The experiments 
were subdivided m some cases mto three-quarter hour periods, 
while m others the penods were one hour m length, m one instance 
no subdivision was made in the typewriting period 

In the typewntmg penods, the subjects copied from printed 
articles, wrote a stereotyped phrase over and over, or wrote matenal 
from memory It was not stipulated that the subjects should 
wnte accurately, the idea bemg to accomplish a considerable 
amount of the kmd of muscular work mvolved m operatmg a tjqie- 
wnter With the female subjects the time of the expenment was 
arranged so that it did not occur durmg the penod of catamenia 
and thus the possible influence of this factor was avoided 

SUBJECTS 

The subjects of these experiments were five m number, two men 
and three women The statistics regardmg sex, age, height, and 
weight without clothes are given m table 1 

TABLE 1 


Slaiislical data of jubjecU 


aUB^XCT 

SEX 

▲CB 

arzGHT 

■wxianT 

WITHOUT 

1 ctOTsia 

A 


22 

cm 

161 

kilo* 

4S 1 

B 


18 

166 

51 1 

c 

Male 

33 

172 

72 8 

D 

Female 

31 

166 

63 6 

E 

Male 

i 

20 

176 

58 4 


' In abort periods in eiperunenta of tins character it is nece-sary for the 
subject to remain absolutely quiet during the last 15 minutes of an experi- 
mental period m order to obtain an accurate determination of the oxygen 
absorption For a discussion upon the \anou3 factors which affect the 
determmation of oxigen with this apparatus see Benedict and Carpenter 
Cam<3\e Inslxluiion of WazhinQUm Publication \o fS5, 1910, p 83 
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Jortey"andtT,‘'’ 

lism of Zn,™ ™ 1 '"®“f“‘>J“‘^“astadyofthei,ormdmel,bo- 
u made a little less than a year nrevious Thw imi 

therefore Intndvf™ ' 1 °**' *“"■ and »eie 

years in ooemn fh “ e’lpenence of about four 

Lbitt A rref *? “d subject B a year and a ball 

her Id u " ’'ide subject B operated 

tl oo i r ““f Subject; C, D, and E 

mpnt f ^ unfamiliar with the apparatus or withanye\peri- 

'^uh^o from previous explanations 

t;nm \ + ^ t. employment for several months and was 

somewhat out of practice m typewriting Subject D had had an 
experience of seven or more years, while subject E had operated a 
macliine for about one year Subjects C andD wroteon the “sight” 
pnncip e w ile subject E operated the typewriter according to the 
ouc method Care was taken to secure operators of the highest 
^ egree o s 'ill and with an ability to write at an unusually rapid 


STATISTICS OF EXPERIMENTS 

In the statistical data reported herewith, the experiments are 
grouped according to subjects The explanatory data regarding 
the conduct of the experiments are given in the text, while the results 
of the measurements of the metabolism and the amount of w^ork 
done may be found in the tables 


Expenments with Subject A 
Experiment No 1, December 13, 1910 

The subject arrived at the laboratoy on the morning of the eaperiment at 
7 25 a m and entered the chamber at 7 35 a m The preliminary period ended 
at 8 18 a m and was folloived by two rest periods of three-quarters of an 
hour each At 9 50 a m the tj pen riting was begun and continued steadily 
without interruption for tno hours, at the end of which time the experiment 
was finished She stated that while the air seemed rather close and she felt 
quite warm, especially during the period of work, the experience was not 
disagreeable In this experiment the subject wore a heavy sweater besides 
her usual clothing, furthermore, the rate of ventilation was not increased 
during the typewriting as was done in later experiments These facts may 
have accounted for the unusual warmth Although somewhat nervous at the 
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beginning of the typewriting period, the subject said this soon wore off The 
work did not seem hard, and she said she could hav e written another hour 
without becoming tired A part of the time the subject copied from scien- 
tific articles and the rest of the period wrote phrases from memorj or of 
her own composition 

The results of the measurement of the total metabolism are given in table 
2 and the record of the amount of typewritmg m table 3 

TABLE 2 


Measurements of metabolism by periods in experiments with subject A 



CABBOS 

DIOXIDE 

EU-ONATED 
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As the pneumograph was not firmly adjusted, it was possible to obtam 
only two records of tlio respiration, both of these during the first rest period 
The average pulse rates are the result of four observations in the first rest 
period andsi\ m the second, the range for the two periods being from 76 to 
90 During the work period it avaa not possible to hear the heart-beat for 
more than 0 to 14 beats at a time, but by taking the time with a stop-watch, 
the rate per minute could be calculated There were eight counts thus taken 
and while the individual counts, which ranged from 100 to 135 per minute, 
may not be exact, it is believed that the average of 121 represents the pulse 
rate per minute during typewriting One observation immediately after 
the subject had stopped typewriting gave a result of 141 per mmute 


ExPERiaiENT No 2, Decembeh 28, 1910 

The subject arrived at the laboratory at 7 15 a m and at 7 35 a m entered 
the respiration calorimeter The experiment began at 8 31 a m , the two 
first periods of three-quarters of an hour each being rest periods The type 
writing period was supposed to begin at 10 01 a m but owing to a misunder- 
standing, the subject not begin typewriting until 10 12 a m The sub 
ject then continued writing steadily until 12 16 p m , the time bemg divide 
into three three-quarter hour periods as in the rest experiment At the 
end of each period she stopped long enough to lay aside the typewritten 
sheets and mark them for the different periods At the end of the typewn - 
ing period, the subject left the calorimeter 

In this experiment the subject did no copying but wrote material 0 er 
own composition or a set phrase, repeated over and over She stated a 
it was difficult to keep awake during the rest period and extremely tiring 
during the work period This was due, she thought, to the fact that 
several nights preceding the experiment she had not had her accus om 
amount of sleep and for that reason was very tired when she began ' 

ment in the morning In her typewritten material she mentioned e 
that her wrists became very tired and that she relieved the tired 
changing the phrases she was using and giving certain fingers a res 
short time She said that the air in the chamber did not seem so c os 
the previous experiment Her clothing was very warn when came 

the chamber and she had the appearance, also, of having perspi 

"Sa o? ZlTZLent. o, by p.™aa g.vea m 

table 2, and the amount of typewriting performed m table 8 
DunU the teat penod. U obeervetopa ol the pulae ““ 

the aeeond tea. penod, S obaervettop. The . 

perJa waa ftopt 72 to 83 pet mmute It ttaa fj^d ,he ,a«t 

Le .p the wotkme penod beepuae of the poiae of the maehm „ept 

that the aubieot wrote aomewhal tatet „.eed tyP«- 

Howevet, three bbeervotton. were mo^e ripd OO pe^Snute reapeCmoIy 
writing and these were found to be 100, 86, and JU per 
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Dimng the rest penod a number of counts of the respiration rate were made, 
averaging 20 and 19 m the two periods Dimng the typewntmg penod a 
very large number of observations were obtamed graphically, simultaneously 
with a time line, these were subsequently counted and the averages are given 
m the table 

The sublmgual body temperatures obtained at the be ginnin g and end of 
the restmg penods and at the end of the typewntms periods m experiment 
2 were 97 O^F , 98 1°F and 98 7°F , respectively, the heat production calcu- 
lated from these changes m body temperature was 93 8 calones for the rest 
periods and 184 0 calones for the typewntmg penods 
An explanation of table 3, which will apply to all similar tables, should be 
given here The column “Number of words” gives the number of words 
written durmg the penods designated, each word bemg counted regardless 
of whether it was correctly spelled or not The data m the column “Num- 
ber of strokes” were obtamed by countmg both the letters, and the spaces 
between words m each Ime, the figures thus represent the number of tunes 
the keys or spacmg bar were struck. The number of Imes shows the number 
of times the carnage was thrown back m order to begm a new Ime 

Experiments with Subject B 

Expebiment No 1, Deceiibeb 15, 1910 

The subject arrived at the laboratory at 7 10 a m , and at 7 25 a.m entered 
the respiration calorimeter The experiment began at 8 29 a m , the first 
two three-quarter hour penods bemg rest penods At 9 59 a m , the type- 
writmg period began and contmued for two hours Durmg this time the 
subject wrote steadily except for stoppmg long enough at the end of the first 
hour to lay aside the sheets on which she had wntten The experiment 
ended at 11 59 3 m 

The subject copied from scientific articles for the most part but also wrote 
poetry from memorj She said that the time passed very qmckly, especially 
durmg the rest period At the begmnmg of the first period of typewntmg 
she became extremely warm and this contmued through practicallj the 
whole period, durmg the second penod of typewntmg she was not so warm, 
but was simply comfortable She did not find the experiment particularly 
fatigumg 

The results of the metabolism as measured by penods are given m table 
4, and the amount of work done durmg the typewntmg penods m table 5 
Durmg the first rest period there were 5 observations of the pulse rate 
taken, and 7 observations durmg the second rest penod, with a range for 
the whole rest period of 93 to 100 Durmg the typewntmg penod the pulse 
could be heard qmte distmctly In the first hour, 8 observations were ob- 
tamed with a range of 103 to 113, and m the second hour 6 observ ations, with 
a range of lOS to 117 Immediately after the experiment was over and the 
subject had finished typewntmg, one count was obtamed, giving a result of 
95 per minute 
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Mtasurcmenls of melabolism btj periods in experiments with subject B 
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TABLE 5 


Amount of typewriting performed in experiments with subject B 
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PERIOD 
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OF 
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* The period of actual typetvritlns was somen hat less See text 


A number of observations of the respiration rate «ere also secured 1 m 
the first rest period, 5 in the second, and 6 in the first typewriting pcrio 

Experiment No 2, December 21, 1910 

The subject came to the laboratory at 7 40 a m , and at 7 4S a m 
the respiration chamber The evperiment began at 8 45 a m and tao r 












Thorne M Carpenter 


241 


periods of three-quarters of o.n hour each follow ed At 10 15 a m the first 
tipewnting period commeoced, the subject beginning to write at 1016 
am She continued tjpewTiting steadilj for two hours, excepting at the 
end of the first hour when she laid aside the sheets preiiouslj used The 
experiment was finished at 12 lop m During the whole t>pewnting period, 
the subj ect copied 5 rom a sfien'iihe arlnde Bw tfoswxnixti-cfl 
experiment itself were not unlike those regarding the previous experiment, 
she was not particularly tired and in no waj suffered from the experience 
The results of the measurements of metabolism bj periods are giv en m table 
4, and the amount of work done in the two hours of typewriting in table 5 
During the first rest period S observations of the pulse rate were obtained, 
and during the second, 6 observations, with a total range of S2 to 94 Dur- 
ing the first tjpewnting period 4 observations of the pulse rate were ob- 
tained and during the second 7 observations, w ith a total range of 102 to 
122 During the first rest period, 7 observations of the respiration were 
made, 5 in the second, and 7 during the period of typewriting 

In experiment No 1, the sublmgual bodj temperatures at the beginnmg 
and end of the rest periods and at the end of the tj pewnting penods were 
9S 8° F , 98 9® F , and 98 9° F , respectively, and at corresponding tunes m 
experiment No 2, 98 35° F , 98 35° F , and 98 4° F The heat production cal- 
culated upon these changes m body temperature was as follows. Experiment 
No 1, resting period, 89 1 calories, tjpewnting period, 152 5 calories, experi- 
ment No 2, resting period, 88 1 calories, tj-pewrilmg period, 147 1 calones 

Experiments with Subject C 
Experiment No 1, December 27, 1910 

The subject arriv ed at the laboratory at 8 08 a m , and entered the respi- 
xwtiwn chambeT at S 30 a m The ■erNpeiiment began at 0 13 a m , iollowed by 
three rest periods of three-quarters of an hour each At 11 34 a m , the tj pe- 
writing period began The subject commenced tj-pewriting at 11 38 a m 
and continued steadilj for 3 hours, except when he used the telephone at 
12 52 p m , at which time the light inside of the respiration chamber was out 
The experiment was finished at 2 34 p m During the entire time of tj pewnt- 
irg the subject wrote one phrase of IG words, shifting the carriage each time 
the phrase was completed The subject stated that he was not uncomfort- 
able during the experiment and that it was neither too cold nor too warm 
inside of the chamber, that he w as not hungry , and although a little armoj ed 
b\ the light going out several times he got along very well 
The results of the measurements of metabolism bj periods are given in 
table (j and the amount of work performed in table 7 

During the first rest period, 10 observations of the pulse rate were ob- 
t lined w ith a range of S 1 to 90 and an av erage of S7 During the remainder 
of the experiment it was mipossiblc to obtain the jiulsc rate as the stetho- 
scojic had become displaced 
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A large number o£ observations of the respiration rate were obtained, and 
these will be discussed later 


TABLE 6 


Measurements of metaboham by periods in experiments with subject C 
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table 7 


Amount of typewriting performed in experiments with subject C 
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Experiment No 2, December 29, 1910 

The subject came to the laboratory at 7 10 a m , and entered the respira- 
tion chamber at 7 26 am The e-qierunent began at 8 40 a m,, the three 
first periods of three-quarters of an hour each bemg rest periods These rest 
periods were followed by three typewriting periods, each one hour long, the 
first beginning at 10 55 a m The subject wrote for the 3 hours continuously 
without interruption, except that at the end of each hour he laid aside the 
typewritten sheets for that penod 

The subject stated that he would not care to repeat the experiment ashe 
found it too hard work to write at such soeed for so long a time Dunng the 
last hour of typewntmg he was extremely tired and said that if he stopped 
even for a few seconds, it was very difficult to keep the typewriting m mmd 
His hand and wnst, particularly one arm, became very tired, m fact, it was 
very difficult to keep up his speed dunng the last hour Hewasmore tired 
than m his previous experiment, did not seem to stand it so well, and 
was quite hungry As to the rate of typewntmg, he beheved that it was 
uniform throughout the three hours There was ample room m the chamber 
for typewntmg and m no way was he hampered m his work. As m the pre- 
cedmg experiment, he wrote the same phrase over and over 
The results of the measurement of the metabolism by penods are given m 
table 6 and the amount of work accomplished dunng the penods of type- 
wTitmg IS gii en m table 7 

In this experiment it was not possible to get many observations of the 
pulse, even durmg the rest penods Only 3 observations were made dunng 
the first penod, with a range of 72 to 79, and dunng the second period only 
one observation In the typewntmg penod, one observation was taken of 99 
per mmute 

Five observations of the respiration rate were made dunng the first rest 
period and 3 durmg the second, while a large number were obtamed dunng 
the typewriting penod by means of the records on the kymograph 
The sublingual body temperature for the two experiments was as follows 
Experiment No 1, beginnmg of rest penod, 98 3° F , end of rest penod, 
98 2'’F , end of typewntmg penod, 99 0“ F , experiment No 2 at correspond- 
mg tunes, 97 8° F , 97 6“ F , and 98 35" F 
The heat production calculated upon these changes m body temperature 
was as follows Experiment No 1, rest penod, 157 calones, typewntmg 
penod, 372 9 calones, experiment No 2, rest penod, 162 3 calones, typewrit- 
ing penod, 335 5 calones 

Experiment with Subject D 
Experiment No 1, Jandabt 8, 1911 

The subject came to the laboratory at 8 loam , and entered the respiration 
calorimeter at 8 22 a m The experiment began at 9 01 a.m and continued 
for three three-quarter hour rest periods, the first typewriting penod com- 
menced at 11 16 a m The subject actually began typewntmg at 11 21 a.m 
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and continued for three three-quarter hour periods, without interruption, 
except that at the end of each period she laid aside the sheets used during 
the period The experiment ended at 1 31 p m 

The subject stated that she did not find the experiment particularly hard 
nor was she uncomfortable in any way She was annoyed somewhat during 
the typewriting by the fact that a bottle of water on a shelf near her kept 
jarring off, she finally put it on the chair, where the stopper became loosened 
and caused some trouble Aside from this, however, the experiment so far as 
she was concerned went very well, and was not particularly fatiguing The 
air in the respiration chamber was not too cold, in fact, she felt somewhat 
warm, particularly during the last hour The typewriting consisted of the 
phrase used by the previous subject, which was written over and over during 
the entire period 

The results of the measurements of metabolism are given m table 8, and 
the amount of work accomplished m table 9 
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Measurements of metabolism by periods in the experiments with subject D 
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TABLE 9 

Amount of typewriting performed in experiment with subject D 
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See text 


The period of actual typewriting was somewhat less 
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In the first penod of rest, II observations of the pulse were obtained and 
9 observations each during the second and third periods The range during 
the entire rest penod was from S7 to 100 Two counts were obtamed during 
the typewriting period, one at 12 03 p m , 109, and at 12 47 pm, 115 It 
was not possible to obtam others 

A large number of observations of the respiration rate were obtamed dur- 
mg the typewritmg penod, as well as during the rest penod 
The body temperatures at the beginning and end of the rest penod and at 
the end of the typewritmg period were 98 8“F , 98 7“F , and98 9°F , the total 
heat production for the rest periods and for the typewntmg periods was 
148 1 and 237 4 calories, respectively 


Experiment with Subject E 

E-spekeuent No 1, JANTranY 15, 1911 

The subject came to the laboratory at 7 28 a m , and entered the respira- 
tion chamber at 7 50 a m The experiment began at 8 37 a m , the first three 
periods of three-quarters of an hour each bemg rest penods The typewrit- 
ing part of the experiment began at 10 52 am, bemg divided into three 
three-quarter hour penods The subject stopped at the end of each penod 
to separate the sheets upon which he had written 
This subject, like the two precedmg ones, wrote the same phrase over and 
over durmg most of the time, and m the rest of the time wrote a short letter 
He stated that he got along very well throughout the entire tune, although 
durmg the last 10 mmutes he found his hands were somewhat cramped and 
it was very difficult to contmue writmg It seemed to him that he wrote 
more durmg the second penod than m the precedmg penod In the last 
half hour he said he felt very warm but was not otherwise uncomfortable and 
there appeared to be plenty of room mside of the chamber for wntmg 
The results of the measurements of metabolism by periods are given m 
table 10 and the amount of typewntmg m table 11 
It was possible to obtam with this subject only 8 observations of the pulse 
rate, all durmg the first period These averaged 67, and ranged from 65 to 
67 A large number of observations of the respiration rate were obtamed. 

The records of the body temperatures taken at the usual times were 93 3“ F , 
97 9° F , and 98 0° F The total heat production durmg the rest and type- 
writing penods were 156 4 and 211 7 calories, re3pectivel> 

Summary of work of typewriting in experiments with file 

subjects 

For- purposes of comparison the amount of work which was done 
by the five subjects m the different experiments has been summa- 
rized m table 12, which gives the number of words and strokes per 
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TABLE 10 


Measurements of metabolism by ‘periods in experiment with subject E 
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TABLE a 


Amount of typewriting performed in experiment with subject E 


DATE 

NUMBEB 

OP 

period 

LENGTH 

OP 

PERIOD* 

NDMBEB 

OP 

WORDS 

NUMBER 

OP 

STR0RE3 1 

number 

OP 

UNES 

January 15, 1911 

1 

tnin 

45 

3677 

15007 

237 


2 

45 

4116 

16738 

264 


3 

45 

4125 

16796 

269 


•The period of actual typewriting woa somewhat less See text 


minute The number of strokes per word ranged from 4 to 6, and 
averaged 4 5, the words bemg for the most part short Inasmuch as 
the test was based not upon the popular standard of the number of 
words, but upon the number of strokes, it does not seem advisable 
to include the data regarding the number of strokes per word in 
this table In computmg the data m the column “Strokes per min- 
ute," the decimals were discarded and the nearest whole number 
taken, so that if the average number of words per minute as 
given in this table were multiphed by the number of strokes 
per minute, the result would be a little larger than that given in 
the individual tables 
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TABLE 12 


Summary of the work of typewriting tn experiments with five subjects 





wosos 

STBOXSS 

SXJBJXCT 

OATS 

PEBIOO 

PUB 

FSB 




iOJfUTS 

METUTE* 


1910 





December 13 

Total, 2 bra 

65 

336 

V 


1st 

82 

■ ■ 



2nd 

77 



December 28 

3rd 

82 

359 



Total, 21 brs 

SO 

362 



1st 

59 

338 


December 15 

2nd 

00 

319 

B 


Total, 2 brs 

57 

328 

✓ 

1st 

62 

336 


December 21 

2nd 

58 

310 



Total, 2 brs 

60 

323 


December 27 

Total, 3 brs 

68 

277 

C 


1st 

78 

311 



2nd 

71 

285 


December 29 

3rd 

71 

2SS 



Total, 3 brs 

73 

293 


19U 

1st 

n 

466 



2nd 


451 

D 

January S 

3rd 

mm 

464 



Total, 21 brs 

115 

460 



l3t 

94 

385 



2nd 

91 

372 

E 

January 15 

3rd 

92 

373 



Total, 21 brs 

92 

376 


abi=r from < to 6 th. over**. 





















248 


Metabolism during Typewriting 


DISCUSSION OP RESULTS 


In discussing the results obtained in this senes of ex-penments, 
the effect of the work of typeivriting upon the more obvious phys- 
iological indexes, i e , respiration rate, pulse rate, and body tem- 
perature, are first considered, then the increase in total metabolism 
in the different experiments is compared on several bases of com- 
parison The equivalent amount of work in kilogrammeters is dis- 
cussed, a comparison is also made with the earher typewriting 
experiments 

Respiration iate — In all of the experiments it was possible to 
obtain records of the respiration rate per minute, at least in the 
rest periods, and in many experiments, records were also obtained 
during the period of typewriting The rates of respiration during 
the rest periods were on the whole quite normal, varying from 15 
to 20 per minute With subject A, records were obtained in but 
one of the typewriting periods These individual records show 
that almost as soon as the subject began typewriting, the respira- 
tion rate increased from about 17 per minute during rest to 27 
per minute during type’writmg and this very soon increased to 30 
per minute During the second typewriting period, it fell to 27, 
then rose again, going as high as 35 per minute in one instance 
Throughout the whole typewriting period, an averageof 29 per min- 


ute was maintained With the subject B, m the first experiment 
but very few records were obtained during the typewriting period 
The average rate during rest was 17 per minute, while during 
typewriting it rose to 22 per minute In the second experiment, the 
average was 15 per minute during the rest period and 21 during 
the typewriting With subject C, the difference between the rest 
and typewriting periods was greater than with subject B In the 
first experiment the average during the rest period was about 17 
per minute and during typewriting this rose to 28 and 30 per min- 
ute In one instance it was as high as 38 per minute, and several 


times rose as high as 35 In the second experiment the average 
during the rest periods was also 17 per minute, during the type- 
writing, the averages were 25, 24, and 26 for the three successive 
periods, the highest record being 30 per minute For subject D, 
the averages during the rest periods were 17, 19 and 19, and during 
the typewriting periods, 30, 29, and 29 respectively The respira- 
tion rate increased to the highest level, about 30, almost as soon as 
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work commenced and remamed fairly uniform through the whole 
time of typewriting A few records were obtamed as high as 35 per 
mmute With subject E the respiration rate averaged 18 through- 
out the rest period, while m the typewriting penods the averages 
mcreased to 22, 22, and 21 It is thus seen that m practically all of 
the experiments there was a decided mcrease m the respiration 
rate durmg the typewritmg period, showmg that so far as may be 
indicated by the frequency of the respiration, enough muscular 
work was mvolved to result m an mcreased ventilation 
Pulse rate — ^But few satisfactory records of the pulse rate were 
obtamed in any of the expenments, m some instances, mdeed, the 
pulse rate may be considered abnormal for a subject sittmg qmetly 
at complete rest Subjects A, B, and C aU had rather high pulse 
rates m the restmg periods, particularly subjects B and C Sub- 
ject E on the contrary showed a very low pulse rate which was 
unquestionably no higher than normal for this mdividual The 
high pulse rates of the other subjects may have been due to anxiety 
regardmg the results of the experiments, as m several instances, the 
subjects stated that a doubt of their abihty to write for so long a 
time at such a high speed made them nervous regardmg the suc- 
cess of the experiment The high pulse rate was probably not due 
to apprehensiveness regarding them stay m the chamber, this was 
certainly true of subjects A, and B, as they had been subjects of 
previous experiments and were perfectly familiar with the appara- 
tus 

Durmg the typewntmg periods it nas difficult to obtain the pulse 
records and the observations were accordmgly more Inmted m 
number than durmg the rest periods With subject A several 
observations were made m the first experiment, givmg an average 
of 121 per mmute, one count obtained after the experiment nas 
ov er showed a pulse rate as high as 141 After the second experi- 
ment, when the subject had fimshed tj-pewntmg, successive counts 
were made showmg a pulse rate of 100, 86, and 90, respectnel 3 , 
indicating that the pulse fell verj rapidly as soon as the work was 
finished With subject B, in the tiqiewritmg penods of the first 
experunent the pulse rose to 108 and 112, and in the second to 
109 and 115 One record after the first experiment gave a result 
of 95 per minute, agam shownng the fact that the pulse falls vmrj' 
rapidlj after the work ceases With subject D onlj two records 
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were obtained during the typewriting periods, one of 109 and the 
othei 115, while with subject IS, no pulse records were obtained 
during the work period From these records it is seen that the work 
in these experiments was sufficient to raise the pulse rate very notice- 
ably, the mcrease rangmg from about 15 to 40 counts per minute 
Body temperature — ^In these experiments the body temperature 
was obtamed with a climcal thermometer subhngually only at the 
begmnmg and end of the rest periods and at the end of the type- 
writing period With only one subject was there a marked rise 
These observations are not considered of very much value, but 
simply indicate in a general way what the changes m temperature 
may be under the conditions of the experiments 

The elimination of nitrogen in the unne — ^In all the experi- 
ments the period for the collection of the urme began an hour or 
more before the subject entered the chamber and ended atthe close 
of the experiment, but no attempt was made to collect the urme m 
shorter periods for the purpose of studymg the effect of muscular 
work upon mtrogen elimination The mtrogen was determmed m 
all the samples and the results are given in table 13, together with 
the volume and the amount of nitrogen per hour 


TABLE 13 

The elimination of nitrogen in the urine 


1 



AMOUNT 

nitroqbn 

STIBJSCT 

D\TB 

PERIOD 

1 

OP 

UBINB 

Total 

Per Hour 

A / 

1910 

December 13 

7 30 a m -12 00 a m 

ce 

86 

grams 

1 28 

groTTis 

0 284 

\ 

December 28 

7 30 a m -12 25 p m 

72 

1 14 

0 232 

{ 

December 15 

7 15 a m -12 20 p m 

66 

0 99 

0 195 

December 21 

7 00 a m -12 30 p m 

62 

0 98 

0 178 

C 

December 27 

7 30am-2 45pm 

447 

3 18 

0 439 

D 

1911 

January 8 

8 20 a m -1 40 p m 

153 

1 87 

0 351 

E 

January 15 

6 30 a m -1 20 p m 

230 

3 48 

0 509 


Increase in metabolism per hour due to typewriting —Since there 
IS considerable muscular exercise mvolved m operatmg a typewriter 
the work of typewritmg naturally results in an mcrease in the total 
metabolism The amount of this increase, as well as the percentage 
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above the metabolism during rest, has been calculated and the 
results are presented m table 14 The hourly metabolism m rest 
has also been computed for eachmdividual, together with thehourly 
metabolism during the work of typewntmg for each mdividuai 
espemnent, the di5erence between, these two results is divided by 
the metabolism durmg rest, thus givmg the percentage mcrease 
over r^t due to typewntmg m the mdividual experiments 



Rest 21 1 18 1 15 5 57 9 59 3 

Typewriting 29 0 26 7 23 0 I 76 3 76 3 

Increase 79 86 75ll8 4 17 0 


Rest 19 9 18 8 17 7 j 58 7 58 7 

Typewriting 27 6 25 5 25 1 72 9 73 6 

77 67 74 14 2 14 9 

39 36 42 24 25 
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Considering the experiments individually, it will be seen that m 
some cases the mcrease m all four factors was fairly umform, as 
for example, in the experiment with subject A on December 13, 
m which the increase was remarkably umform, and m the experi- 
ments with subject C, in which the percentage mcrease in the heat 
production agrees fairly well with the other factors In some of the 
other experiments, the agreement was not so marked, however, 
and it will be noted that the increase in the percentage of the car- 
bon dioxide eliminated during typewriting over that eliminated 


TABLE 14— CoNTiNnBD 


SUBJECT 

DATE 


CAHBON DIOX- 
IDE ELIMIN- 
ATED 

1 

n 

Q 

^ 9 

0 

0 

0 

h 

f'a 

1 

a 

2 a 

a » 

^ Vi 

M « 

a 

'2 

f, 0 

S p 
wO 

H 


1911 


grama 

grama 

grama 

call 

cals 



Rest 

26 3 

22 8 

18 4 

71 3 

69 8 




Typewriting 

43 9 

37 8 

38 4 

114 5 

124 3 



December 27 ' 

Increase 

17 6 

15 0 

20 0 

43 2 

54 5 




Percentage 









mcrease 

67 

66 

109 

61 

78 

G 












Rest 

25 7 

22 7 

18 7 


72 1 




Typewriting 

39 8 

34 5 

32 8 

B 

111 8 



December 29 ’ 

Increase 

14 1 

11 8 

14 1 

27 1 

39 7 



Percentage 








mcrease 


52 

75 

36 

55 



Rest 

21 7 

21 4 

19 6 

67 1 

65 8 



Typewriting 

35 2 

— 

33 6 

102 8 

105 5 

D 

January 8 









Increase 

13 5 

— 


35 7 

39 7 



Percentage 







1 

mcrease 

62 

— 

71 

53 




Rest 

25 2 



74 7 

69 5 



Typewriting 

32 1 

29 5 

32 S 

92 9 

94 1 

E 

January 15 ^ 

Increase 

6 9 


11 S 

IS 2 

24 6 



Percentage 








mcrease 

27 


56 

24 
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during rest varied from. 27 to 67 per cent, while the oxygen 
absorbed varied from 36 per cent to 73 per cent The largest 
variation will be noted in the heat production, which ranged from 
25 per cent to "8 per cent This large vanation in the heat produc- 
tion IS in all probabihty due to the fact that the entire amount of 
heat produced was not actually measured, for it is reasonable 
to suppose that the increase in body temperature m most of the 
experiments was greater than was mdicated by the ciimcal ther- 
mometer readmg The results for the heat production as given 
are accordmgly in most cases too small, with the possible exception 
of those m the experiments with subject C In the experiments with 
this subject, smce the percentage mcrease m heat production 
agrees qmte well with the percentage increase m the other factors, 
it would appear as though practically all the heat production m 
this experiment was actually measured * 

For an accurate measurement of the heat production, an accu- 
rate measurement of body temperature is absolutely necessary For 
this reason m most experiments m this laboratory it is the custom 
to measure the body temperature very accurately by means of 
a rectal thermometer, which gives temperatures to withm 0 01® C 
This was wholly impracticable in these experiments, however, and 
therefore the heat production is only approximately measured m 
most mstances Consequently, the mcreases m the heat produc- 
tion, the carbon dioxide ehmination, and the oxygen absorption 
are not stnctly comparable in most of the experiments 

The increase m the water vaponzed vanes with the other factors 
excepting in the first experiment with subject C In this expen- 
ment, the mcrease was very markedly different ^rom the mcrease in 
the other factors It should be stated, also, that m this experiment 
there was a condensation upon the beat^absorbmg apparatus m- 
side the chamber, so that even the mcrease of 109 per cent does not 
represent the total increase m the water vaponzed 

‘ The fact should not be ov erlooked that the accuracy of indirect calori- 
metry in short experimental periods is yet to be demonstrated, while the 
calorific equu alents of carbon dioxide and oxygen have both been deter- 
mined with considerable accuracy for long periods, any comparisons made 
for periods as short as these must of necessitj be of a tentatu e nature 
See discussion of this point in Benedict and Carpenter Carnegie Instiiulion 
of Washington Publication 1^0 126, p 213, and Benedict and Joslm Carnegie 
Institution of Washington Publication 136, p ISS 
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These variations m the percentage increases of the factors of 
metabolism when compared with one another may be due to at 
least three causes First, the normal metabohsm of the mdividuals 
may vary with the different individuals, consequently, if the metab- 
ohsm was different, assummg that the expenditure of energy in- 
volved in writing 1000 words was the same with all mdmduaJs, the 
percentage mcrease would be different owmg to the fact that the 
base Ime was different with each mdi\idual For instance, it will 
be seen that the carbon dioxide ehmmation for the different sub- 
jects during rest varies from 18 5 grams per hour to 26 3 grams 
Similarly, the oxygen consumed varies from 16 1 grams to 22 8 
grams 

A second cause for the variation is the difference m rates of type- 
writing Referrmg to table 12 it is seen that the average rates in 
the different experiments i ary from 57 words per mmute to 115 
words per mmute, so that if the normal metabohsm for the in- 
dividuals was the same, there would be a difference m the increase 
m metabolism due to the different rates m typewrifcmg 

Finally, the variations may be due to a difference in efficiency, 
that IS to say, the expenditure of energy by one mdividual m 
writmg 1000 words may be greater than the energy expended by 
another 

Increase in metabolism 'per 1000 words — Smce there are marked 
variations m the percentage mcrease of metabolism durmg the 
typewritmg periods, a more nearly uniform basis of comparison 
would be one m which the metabolism was compared on the basis 
of the same amount of writing Accordingly the increase in metab- 
olism per 1000 words for each of the different experiments has 
been calculated and presented m table 15 The three women sub- 
jects, A, B, and D, show remarkably umfonn results per 1000 words, 
the carbon dioxide excretion only varymg from 2 08 grams to 2 58 
grams Unfortunately the oxygen consumption was determined 
with only two of these subjects, and here the agreement is not quite 
so marked The heat production for these three individuals vanes 
from 4 17 to 6 08 calories per 1000 words The two male subjects, 

C and E, show extremely wide venations, the results with subject 
C for all the factors bemg considerably larger than those witn sub- 
ject E, the latter showing very much lower results than those ob- 
tained with the three women subjects The average increase per 
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table is 


Increase tft metabolism per 1000 words and per 1000 strokes 


SHBJrCI 

i 

OATS 

0 

» A 

CARBON 

DIOZIOB 

irTJin.SATgQ 

1 OXtOSH 

AB30BBBS 

BSAT 

, TBODtJCSD 

11° 

ft 

p.2| 

• ^ 

O 

s§'§ 

S 

C4O u 

e 

feS’3 

III 

ft 


1910 


gram* 

granu 

grams 

grams 

cals 

eels 

A / 

December 13 

5 0 

\ 2 58 

0 50 

1 2 28 

0 44 

6 50‘ 

1 


December 28 

4 5 

1 2 31 

0 51 

' 2 43 

0 54 

4 37 

' 0 97 


December 15 

6 0 

2 35 

, 0 41 

. 2 57 

1 0 44 

5 07 

0 88 

® \ 

December21 

5 5 

2 15 

0 40 

j 1 87 

0 35 

4 17 

0 78 

c / 

December 27 

4 0 

4 35 

1 07 

1 

3 72 

0 92 

13 48 

3 32 


December 29 

4 0 

1 

3 30 

0 83 

2 77 

0 69 

9 29 

2 32 


1911 


1 






D 

January 8 

4 0 

2 08 

0 52 



6 03 

1 52 

E 

January 15 

4 0 

1 31 

0 32 

1 64 

0 40 

4 64 

1 14 

Average 


45 

2 55 

0 57 

2 47 

0 54 1 

8 70, 

1 56 


•Heat eliminated 


1000 words for all experiments with all inditiduals is 2 55 grams 
for carbon dioxide, 2 47 grams for oxygen, and 6 70 calones for 
the heat produced 

Increase in meiaholism -per 1000 strokes — ^If a study is made of the 
column “Strokes per word,” m table 15, it will be seen that m the 
three individuals who gave fairly uniform results on the basis of 
1000 words, there is a marked vanation m the number of strokes 
per word, and when the results are calculated on the basis of 1000 
strokes, it is evident that the umfonmty would not necessarily be 
so stnkmg In order to obtam a more accurate comparison, the 
results have been compared on the basis of per 1000 strokes Here 
there is not so uniform an agreement m the factors of metabolism 
with the three mdividuals A, B, and D as was shown when the 
results were compared on the basis of per 1000 words, although the 
results for A and D are extremely close, z e , an average of 0 51 
grams of carbon dioxide ptr 1000 strokes The two experiments 
with subject A show a remarkably close agreement in the carbon 
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dioxide excretion In the two experiments with B, the carbon dioxide 
excretion per 1000 strokes also agrees very closely Subject C 
shows a noticeable increase m metabohsm per 1000 strokes, while 
subject E IS again somewhat lower than the other subjects The 
ratio of the diSerences betweenEand thewomen subjects, however, 
IS not so great when considered on the basis of per 1000 strokes 
as when considered on the basis of per 1000 words In the compari- 
son per 1000 words, the heat production of E was slightly lower 
than that of any of the other subjects, with the exception of the 
heat production in the second experiments with subjects A and 
B, which fell a little below, in the comparison on the basis of 1000 
strokes, however, the heat production with E is uniformly higher 
than with A and B The average mcrease per 1000 strokes in all 
experiments with the 5 subjects is 0 57 grams of carbon dioxide, 
0 54 grams of oygen, and 1 56 calories of heat produced As 
shown previously, the average for the heat produced is low for the 
reason that the total heat production was not actually measured 
in all the experiments 

Increase in metabohsm when wnhng at a uniform rate of 50 words 
per minute — In all of these experiments the subjects attempted to 
write at a faster rate than they would normally in ordinary office 
work They all considerd the experiments abnormal so far as the 
rate of writing was concerned as m their every day work they were 
not accustomed to writing at such speed It is, therefore, of inter- 
est to note the increase in the various indices of total metabolism 
with the different individuals if calculated on the basis of the same 
rate of writing In table 16 the results of such a calculation are 
given, showing the mcrease in metabolism per hour with a uniform 
rate of typewriting of 50 words per mmute The results given m 
this table were calculated in the following manner At fifty words 
per minute a subject would write 3000 words per hour and there- 
fore the data here presented are those given m table 15 multiplied 
by 3 This is on the assumption that the subjects would write 
words of the same length as those they wrote in the experiments 
At a uniform rate of 50 words per minute, the mcrease m carbon 
dioxide excretion would range from 3 9 to 13 1 grams per hour, in 
oxygen consumption from 4 9 to 11 2 grams, and in heat produc- 
tion from 40 4 calories to 13 1 calories These factors are also com- 
pared m this table upon the basis of the number of strokes, and the 


257 


Thorne M. Carpenter 
tabm: 16 

/ncreose iti inelobolism when calculated to a rale of SO words per minute and 
13,900 strokes per hour 


( Vmounts per hour) 


EUBJECt 

i 

DAIB 

J 

{ 

1 

1 CAKBOS 1 

1 DIOSSDE j 

I CUMIN VTEO 

i ! 

1 OXTOBN 

1 absorbed j 

HC-kT 

PBODCCED 

* 

, Sf 2 

i'^gl 

1 

Og 5 3 

3-^g. 

1 w ® * 

^"25 1 

5 o c * 

W3 & 

ogsi' 

2^"* » 2 

' » 

' 3S2 

i1§ii 

lS=C! — 
lacslS »- 

5-^ 35 2 


1 1310 

grami 

(7ram4 

1 0ram4 

grams ' 

cals 

co^ 

A / 

December 13 

\ 7 7 

7 0 ' 

6 8 

6 1' 


1 — 

1 

December 28 

1 69 

1 

7 1 

7 3 

7 5 

13 1 

' 13 5 

B / 

December 15 

I 

7 1 

5 7 

7 7 

6 1 

13 2 

) 

12 2 

1 

December 21 

1 

1 6 5 

1 

5 6 

5 6 

4 9 

12 5 

10 8 

C / 

1 December 27 

■ 13 1 

14 9 

11 2 

12 8 

40 4 

46 1 


1 December 29 

9 9 

11 5 

8 3 

9 6 

27 9 

t 32 2 


j 1911 


\ 

1 


1 



D 

I January 8 

' 6 2 

72 


) 

, 18 2 

21 1 

E 

1 Januarj 15 

> 3 9 

1 

4 9 

1 5 6 

> 

1 13 9 

15 8 


increase in metabolism is shown when a subject is writmg at the 
rate of 50 words of average length a mmute or 4 Ostrokesper word 
(13900 strokes per hour) This is calculated from the mcrease in 
metabohsm per 1000 strokes, and multiphed by 13 9 The results 
agree very closely with those given m the previous table although 
they are somewhat more nearly uniform, the range m the increase 
of carbon dioxide being from 7 4 grains to 14 9 grams If these 
mdividuals worked 8 hours a day at this rate, there would be an 
mcrease m energy output above restmg varymg from about 110 
calories to 370 calories, the former figure m all probabihty bemg 
somewhat lower than the actual minmniim with these individuals 
Vanaiion in individuals —In the tables thus far presented it has 
been seen that there is a marked variation among the individuals, 
regardless of the method of comparison Subject C required from 
tv, o to three times the amount of energy reqmred by the three sub- 
jects A, B, and D for the same amount of work, while subject E 
expended even less energy than any of the three women subjects 
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and only one-third of the requirement of subject G The three 
women subjects evidently wote with the same facihty and with 
about the same expenditure of energy This would mdicate, there- 
fore that among women the techmque is more uniform than among 
men On the other hand, of the two male subjects, C was out of 
training, not havmg operated a typewriter for some months pre- 
vious, while E was paying particular attention to facihty and was 
attending evenmg school with the special object of perfectmg 
himself to the highest degree The latter operated the typewriter 
upon the so-called “touch” system, so far as could be seen, he had 
in all probability a higher degree of techmque and fimsh than any 
of the other four operators Subject B said she also operated upon 
the “ touch” system but it is to be questioned whether her technique 
was so perfect as that of subject E Of the three women, however, 
the increase in metabolism per 1000 strokes is the least wit su 
ject B With subject C, it was noticed that m operatmg the type- 
writer not only did he move his fingers and hands but ^so to some 
extent his whole body, particularly when writmg fast ere was a 
rythmical backward and forward movement of the mam por ion 
of the body and this was noticed not only m practice u ^ 
the actual experiments, where the head and shoulders could Dc 
observed This would naturally result m a larger ^xpen 
energy, for if an individual m working uses not o y 
required but makes other muscles work, the expea ° 

IS of course larger, other things being equal ^ ? k r n.rti- 

stated that subject C had had part of one leg r^ ace ^ 

ficial one This, however, should in nowise f 

but would affect simply the base line on noraa me a ° 

examination of the kymograph records 

subject there were more marked irregulari les i . £ 

cartes than w.th any other subject, and that ^e of th^ 

bauds and anus ru Pe— the 

tectedfromthekymographrecord Therang _ 

are due, .t ,s beheved, to techmque “o'! * 

vidual variations in the machine or o o characteristics of 

It IS mterestmg, also, to compare P r C was quite tall 

the two men which show the eirtremes ^ having about 

and at the same time so“iewhat sto 1 Subjects A, B, 

the same height, was very much lighter m weig 
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and D on the other hand were more nearly alike in physical con- 
tour although subject D was somewhat heavier than the other two 
IV omen subjects The variations are certainly not due to differ- 
ence m speed for the reason that the subjects A, B, and D wrote at 
widely varymg speeds, subject A wntmg at the rate of 64 words 
per mmute m one experiment and 80 m the other, subject B at the 
rate of 56 words m one experiment and 60 m the other, and subject 
D at a much faster rate, le ,115 words per mmute 
Increase in metabolistn in typewriting by periods — Inasmuch as m 
several of these experiments the metabolism was obtained not only 
for the rest and typewntmg periods separately but also for type- 
writmg by periods, there is an opportunity for considenng the ques- 
tion of the inBuence of fatigue upon metabolism The mcrease m 
metabolism per 1000 words and per 1000 strokes by periods is 
given m table 17 Considermg this table, it is seen that on the 
basis of per 1000 words there is m all cases, except C, a slowly 
duninishmg mcrease m metabolism This is most marked m the 
experiment with subject E, m which the carbon dioxide excretion 
increased 1 60 grams, while m the last period, it mcreased but 0 99 
gram The oxygen detennmations for the last two penods with sub- 
ject C were averaged together as the detennmations for the individ- 
ual periods were evidently m error In the mcrease per 1000 
strokes by penods, the differences are not so marked, although 
with subjects A and E there is constantly m both carbon dioxide 
and oxygen a dimmution per 1000 strokes as the experiment con- 
tmued In neither instance, however, was the subject so fatigued 
as to be unable to contmue Subject E complamed of having 
cramps m his hand durmg the last penod which made it necessaiy 
for him to favor himself ^or a short time m order to recover On 
the contrary, subject C, who shows very httle, if any, diminution 
durmg the 3 hours, was very much fatigued , m fact, he said he could 
not have contmued much longer and found it extremely difficult to 
keep up durmg the last hour Subjects B and D do not show marked 
differences, while subjects A and E do It is mterestmg to note 
that both subjects A and E said that m the experiments their hands 
became cramped and tired, while subjects B and D both said that 
they could contmue longer without extra effort The decreased 
energy output of A and E as the experiment contmued would seem 
to indicate that as they became fatigued, they worked w ith an mcreas- 
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TABLE 17 


Increase xn metabolism by periods -per 1000 words and per 1000 strokes 


subject 

DATE 

CARBON PIOXIBB 
ELIMINATED 

OXTQEN 

VBSORBED 

CO 

1^013 

Per 

1000 

Btrokes 

Per 

1000 

words 

Per 

1000 

strokes 


mo 

fframs 

grams 

grams 

grams 



2 92 


2 92 

mm 

A 

December 28 

2 04 

Wm 

2 36 

0 52 



2 07 

0 47 

2 10 

04S 

f 

December 15 < 

2 37 

0 41 

2 31 

040 

B J 

1 

2 32 

0 40 

2 84 

0 49 

1 

December 21 < 

2 31 

0 43 

2 00 

0 37 


1 

1 99 

0 37 

1 73 

0 32 


f 

3 39 

0 85 

2 43 

0 61 

c 

December 29 < 

3 08 

0 77\ 

1 

2 94 

0 73 


[ 

3 45 

0 86/ 




mi r 

1 

2 21 

0 55 



D 

January 8 1 

2 22 

0 55 




1 

1 79 

0 45 




[ 

1 60 

0 39 

1 93 

0 47 

E 

January 15 < 

1 36 

0 33 

1 34 

0 33 


1 

0 99 

0 24 

1 70 

0 42 


mg efficiency Tins is contrary to the natural expectation, at 
least according to popular opimon, for it is generally supposed 
that as one becomes fatigued, the efficiency tends to decrease 
In view of the fact that the metabolism of A and E decreased per 
1000 strokes m the successive periods, it may be supposed that the 
fatigue tended to eliminate any extraneous muscular movements 
and that the subjects confined themselves to performing only 
those movements which were necessary to operate the tj^ewriter 
to produce the result, also it may be pomted out tnat as the sub- 
jects became tired, while the number of words may not ha-ved'min- 
ished and the amount of typewriting was the same, the force 
with which it was done may have diminished, z e , at the beginning 
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of the work, the subjects being fresh and well rested, struck the 
keys with more force than later on when they became more tured 
There was no opportunity of gaugmg the amount of force with 
which the keys were struck m these experiments as the typewriting 
does not show any particular difference 
Respiratory quotient during rest and during typewriting Inas- 
much as the oxygen absorption and carbon dioxide elimination 
were obtained m these experiments m a fastmg condition, there is 
an opportimity to compute the respiratory quotients for the mdi- 
■vidual experiments dunng rest and during typewntmg These 
are summarized as follows 



It will be seen that in the first expenment with subject A, the 
second expenment with subject B, and the two experiments with 
subject C, there is a very close agreement m the respiratory quo- 
tients between rest and typewntmg This is of mterest because of 
the fact that some authors have the idea that the respiratory quo- 
tient 13 raised dunng muscular work In none of these experiments 
was the respuatory quotient raised and m some instances it was 
somewhat lower It is beheved by the writer, however, that a 
respiratory quotient in the tjqjewnting penods lower than that m 
the rest penods mdicates the probabihtj of an error m the measure- 
ment of the oxygen absorption, this measurement for some reason 
being possibly too large 

In the later discussion of the equivalent amount of work calcu- 
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lated from the increase m the factors of metabolism, it will beseen 
that there are certain discrepancies in some of the experiments 
In several instances, the amount of work calculated from the in- 
crease m oxygen is higher than that from the carbon dioxide It 
so happens that in all the cases where there is a disagreement be- 
tween the amount calculated from the carbon dioxide and that 
calculated from the oxygen, the respiratory quotient is lower m 
the typewriting period than in the rest period 
Calculation of the equivalent amount of work hosed upon the in- 
crease in the metabolism It was impracticable to measure the 
actual amount of work performed m these experiments but other 
experiments in which the actual amount of work performed, the 
oxygen consumed, and the carbon dioxide, and heat produced were 
determined, have supplied data from which the equivalent amount 
of work in performing various operations can be calculated when the 
increase in carbon dioxide, oxygen, and heat are known In the 
expenments referred to, the subject rode a bicycle in which the 
energy applied to the pedals was actually transformed into heat* 
and the factors have been calculated givmg the mcrease m car- 
bon dioxide eliminated, oxygen absorbed and heat produced per kilo- 
grammeter^ Using these factors and the mcreases m carbon 
dioxide, oxygen, and heat m the typewriting experiments here 
reported, the amount of work done in these experiments has been 
calculated and is given m table 18 This table shows the total 
equivalent amount of work actually accomphshed in the whole 
workmg period and the amount per hour The calculations based 
upon the increase in carbon dioxide show a vanation m work from 
1773 to 4501 kilogrammeters In some experiments the agreement 
between the amount of work as calculated from the three factors is 
remarkably close In the experiment with subject A on December 
13, the figures based upon the mcrease in carbon dioxide and oxy- 
gen were 2519, and 2544 kilogrammeters, respectively, the amount 
of work based on the heat elimination was 2215 kilogrammeters, 
m the second experiment with the same subject, however, the agree- 

1 Benedict and Carpenter U S Department of Agriculture, Office of 
Experiment Stations Bulletin No 208, 1909 

2 Benedict and Carpenter Carnegie Inslitulton of Washington Fubltcaiion 

No m, 1910, p 228 



TABLE 18 

Kxlogrammclera of work calculated upon the increase of the various factors of metabolism 
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ment is not quite so close In the second experiment with subject 
B, the work as calculated from the increases in the carbon dioxide 
and the oxygen agree lemarkably In the experiments with sub- 
ject C, the increases based upon all three factors also agree fairly 
well, again, indicating in all probability that the heat production 
of this subject was more accurately measured than in the experi- 
ments with the other subjects, with the possible exception of sub- 
ject D With this latter subject, the increases based upon carbon 
dioxide eliminated, oxygen absorbed, and heat produced also 
agree quite closely It should be stated that in all of these experi- 
ments and all of these comparisons, it is considered that the carbon 
dioxide is the factor xvhich is the most accurately measured In 
experiments of this kind, in xvhich the subject is xnthout breakfast 
and has not eaten a heavy meal of carbohydrates the night before, 
it can be considered that the metabolism will consist of relatively 
the same proportion of carbohydrates, protein, and fat throughout 
the entire time of the experiment, i e , that the respiratory quo- 
tient for the early morning hours should not be materially different 
from that of the later hours of the mormng or the first hours of the 
afternoon, consequently, the changes in carbon dioxide may be 
considered to represent the actual variations m metabolism In 
some instances the variations shown in the oxygen consumed may 
also be considered a very good index of the changes in metabolism, 
particularly in experiment No 1 with subject A, experiment No 
2 with subject B, and in the two experiments with subject C 
In other exqieriments, ^ e , the second experiment with subject A 
and the experiment xvith subject E, in which the amount of work 
calculated upon the oxygen increase is greater than that calculated 
upon the carbon, dioxide elimination, it must be assumed that the 
measure of the oxygen consumed is somewhat too large or else 
that there was an actual change m the character of the metabolism 
If there were an actual change m the character of the metabolism, 
then the figures for the work done calculated upon the carbon dioxide 

would be too low If the subjects wrote at a uniform rate of 50 
■words a minute and 13900 strokes an hour, the equivalent amount 
of work would vary from 1400 to 3900 kilogrammeters per hou^r 

Wolperth using the increase in carbon dioxide as an index of the 

1 Wolpert Arch f Hygiene, x\vi, p 6S, 1896 
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amount of work performed m various occupations, gives 1600 
kilogrammeters per hour for a tailor and 4100 kilogr amm eters 
for a mechamc (apprentice) His factor was 300 kdogrammeters 
per gram of carbon dioxide while the factor used m these experi- 
ments IS 257 kilogrammeters per gram of carbon dioxide mcrease, 
so that the comparison is not on exactly the same basis, as his 
results would be somewhat higher than if the factor made use of 
m these experiments were employed 

Comparison with earlier work In table 19, a calculation has 
been made of the mcrease per 1000 strokes m the two experiments 
reported m an earher pubhcation ‘ In comparmg the results with 
table 15, it will be seen that m both of these ex^ienments the metab- 
olism per 1000 strokes based upon all three factors is somewhat 
larger than any of the results with the subjects here reported In 
all probabihty the facihty and techmque of these two mdividuals 
was not so high as those m the experiments here reported, as neither 
of the mdividuals reported upon in the earher pubhcation were 
accustomed to typewntmg contmuously and, m fact, one of them 
had been out of practice for some tune 


TABLE 19 

Increaseimnetabohsmper 1000 strokesinexperiments withC F S andW C A 


aCBJECT 

DATE 

1 

VDUBEB 

or 

STBOKES 

CARBON 

DIOXIDE 

ELI^NATED 

; 1 

OXYGEN 1 HEAT 

ABSOHBED PRODCCED 

■S 

ts" 1 

11” 

' ii|j 

2 S 1- 2 3 3 

-1 1 1 ^ 

ssJ 

^ 0 
« Si: 

~ rx n 

I 190j 

C F S 1 October 24 

W C A 1 October 24 

1 

17,72S 

33,881 

(jrann | 

28 4 1 1 60 

29 6 ‘ 87 

1 

graiTis 1 j cds 

2o S ‘ 1 46 1 59 2 

30 3 ' 89 ; 37 2 

1 1 

3 34 

1 1C 


sxjim 

Tj’peiintmg at the rate of from 57 to 115 ivords per minute 
resulted in an mcrease in the pulse rate from 90 to about 120, 
and in the respiration per minute from 19 to 30 

‘ Carpenter and Benedict Thu Journal, vi, p 271, 1909 
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There was also an increase in the body temperature, although it is 
evident that the total use was not satisfactorily measured m 
these experiments 

The work of typewritmg at the rates reported in these experiments 
resulted in an increase of 30 to 70 per cent m the total metabohsm 
above the resting metabohsm, or an average of about 50 percent 

The amount of mcreased energy above the resting metabolism 
per 1000 words was on the average about 7 calories and the mcrease 
in both the carbon dioxide and the oxygen was 2 5 grams 

The increase m carbon dioxide and oxygen due to 1000 strokes 
upon a typewriter was 0 57 and 0 54 grams, respectively, and about 
1 6 calories increase in energy output 

The measure of metabohsm by penods durmg the work of type- 
writing shows that there was a gradual decrease m the amount of 
energy required per 1000 strokes This was more marked m the 
individuals whose hands and fingers became extremely tired, which 
would indicate that durmg fatigue, work is accomplished more 
economically 

The average equivalent amoimt of work calculated from the 
increase in metabohsm in these experiments varied from 1950 to 
4600 kilogrammeters per hour and the calculation based upon these 
results gave an average of 145 kilogrammeters per 1000 strokes 
of typewriting 

The variation m the increase m metabohsm due to the work of 
typewritmg m these different mdividuals is considered to be due to 
differences m mdividual facility and techmque The female 
subjects showed a more umform mcrease than the two male subjects 
who represented the extremes m these experiments 



PENTOSANS IN LOWER FUNGI 

By ARTHUR W DOX and RAY E NEIDIG 
{From the Chemical Section of the Iowa Agricultural Experiment Station ) 

(Received for publication, March 13, 1911 ) 

It has long been known that many plant tissues when subjected 
to distillation with hydrochlonc acid yield a volatile substance 
which passes over mto the distillate, and can easily be identified 
as furfural This is formed by simple dehydration and nng clos- 
ure of the pentoses or five-carbon sugars Inasmuch as pentoses 
are not found in the free state in nature, but are known to occur 
in combination m nucleoprotems and pentosans, we assume that 
the pentose from which the furfural is obtamed by the above reac- 
tion, results from the hydrolysis of one or both of these substances 
Pentosans are of considerable importance to plant chemistry, 
both on account of their wide distribution and the comparatively 
large amounts m which they occur They are an important con- 
stituent of the so-called wood gums which may be extracted from 
wood, straw, corncobs, bran, etc Pentosan determinations are 
very commonly made m connection with the proximate analyses 
so important m the examination of vegetable foods and agricul- 
tural products Very few determinations of this character have 
been made, hoivever, upon the lower fungi, presumably because 
of the difBculty of obtaimng pure cultures and cultivating the 
organisms on a sufficiently large scale to furnish material for analy- 
sis 

Wichers and Tollens^ have made pentosan determinations upon 
some of the wood-destroymg fungi These mvestigators found 
a vanation from 2 52 per cent to 6 73 per cent m the fifteen species 
exammed, the average bemg about 4 per cent The fungi studied 
in their experiments were organisms uhose natural substratum 

'Joum f Landw , Ivui, p 238 
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contained pentosans and the possibility suggested itself that these 
might be the source of the pentosans contamed in the mycehum 
of the fungus A solution of this problem seemed to be offered in 
a pai allel study of some of the Aspergillacese which thrive admir- 
ably m media containing hexoses as the only source of carbon 
The presence of pentosans in cultures of this character would 
prove conclusively that the fungus cells have the power of con- 
structing pentosans out of hexoses or their decomposition products 

EXPERIMENTAL 

Six characteristic species of the common saprophytic molds 
were obtained in pure culture and inoculated upon a sterile med- 
ium consisting of cane sugar and inorganic salts At the end d 
ten days the mycelium was separated from the culture fluid, care- 
fully washed, ground and dried to constant weight at the tempera- 
ture of boiling water Five-gram samples of the resulting dry 
powder were distilled with 12 per cent hydrochloric acid, accord- 
ing to the provisional method of the Association of Official Agri- 
cultural Chemists, and the furfural that passed over was collected 
and weighed as the phloroglucide The followmg table shows 
the amount obtained from each of the species examined 


spEana 



PBNTOSANa 

PENTOSANS 


gram 

gram 

gram 

per cent 

Aspergillus niger 

0 0540 

MjElMg 

0 0528 

1 05 

Aspergillus fumigatus 

0 0492 


0 0486 

0 97 

Aspergillus clavatus 

0 0452 

0 0261 


0 90 

Penicilhum chrysogenum 

0 0606 


0 0587 

1 17 

Pemcillium camemberti 

0 0496 


0 0489 

0 97 

Penioillium expansum 

0 0431 


0 0432 

0 86 


The solution remaining after distilling off the furfural was 
treated with sodium acetate, then with sodium bisulphite and 
copper sulphate Only a slight precipitate resulted, indicating 
that purines could not have been present m more than traces 
Nucleoprotems, therefore, cannot be regarded as the source of 
the furfural obtained, and we must consider the latter as deiived 
from pentosans From these experiments it is evident that pen- 
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tosans axe normal constituents of the cell structmre of lower fungi 
and are formed mdependently of the presence of pentose complexes 
in the culture medium It is worthy of mention, however, that 
these lower fungi contam considerably less pentosan than the xylo- 
phagous fungi examined by Wichers and Tollens 
Owmg to the difSculty of securmg sufBciently large amounts 
of matenal, we did not attempt to isolate the pentosans and 
determine the exact nature of the pentose which they yield on 
hydrolysis 




SOME FACTORS INFLUENCING THE QUANTITATIVE 
DETERMINATION OF GLIADIN « 

By J E GREAVES 

{Prom the Chemical Laioratory of the Utah Experiment Station and the Ru- 
dolph Spreckels Physiological Laboratory of the University of California ) 

(Received for publication, March 7, 1911 ) 

In testing the chemical composition of flours in work which is 
bemg earned on by a number of stations on the miUing quahties 
of wheat, it is necessary to make each year a great number of 
ghadin deterr oations The method- which has been used by 
the author giv comparative results if followed closely, but where 
the number of samples is large, the time required to make the 
detenmnations is too great, and the polanscope method given by 
Snyder’ has not been apphcable m most cases Furthermore, no 
systematic work has been done to correlate the results obtained 
under varying conditions with these two methods Therefore, 
this work IS undertaken for two reason first, to so modify the 
polanscope method that it may be used with flours from all wheats, 
and second, to find the relationship existmg between the polari- 
scope method and the Kjeldahl method, together with some of 
the factors which influence the results obtamed by these methods 

The results reported m the following pages w ere obtamed by the 
analysis of sue different flours obtamed from wheat of high, medium 
and low gluten content, grown on the Utah Experimental Arid 
Farms 

The detraction of the ghadm, unless otherwise stated, was 
made by placing a weighed portion of flour together with a measured 

' Abstract of a thesis presented to the faculty of the University of Cali- 
fornia in partial fulfillment of the requirements for the degree of Doctor 
of Philosophj 

Wlah Exp Sla Bull jVo 103 

*Joum \mer Chem Soc , sxvi, p 263, 1904 
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amount of alcohol into 200 cc wide-mouth bottles, provided 
with ground glass stoppers By the use of bottles with gcouad 
stoppers the evaporation during extraction is reduced to a mini- 
mum and they furnish convenient receptacles in which the solu- 
tion can be shaken at intervals during extraction All the re- 
sults reported are calculated to dry basis and are the average of 
three or moie analyses which in nitrogen determinations agreed 
to within 0 025 per cent and the polariscope determinations withm 
0 1 on the sugar scale of a Schmidt and Haensch polariscope so 
that analytical errors have been reduced to a minimum 


PREPARA.TION OF A CLEAR FILTRATE 

One of the grrat objections which has been raised against the 
polariscope metbo.i for determining gliadin is the fact that the 
filtrate as obtan-’d especially fiom high gluten flours, is cloudy, 
and for that reason the reading cannot be made with any degree 
of accuiacy If the suspended particles which cause the cloudy 
filtrate be insoluble proteins, as they sometimes are, an objection 
can be raised against the Kjeldahl method for determining gliadm 
as these will vitiate the results thus obtained For this reason m 
both methods of determining gliadm a clear filtrate is of the utmost 
importance 

Thatcher^ found it impossible to use the polariscope method 
on flour obtained from the Washington wheats They were low m 
gluten and high in carbohydrates and gave cloudy filtrates 
Snyder^ found that soft wheats frequently gave a filtrate which 
was cloudy and became more cloudy on standing The same 
difficulty was experienced by Shaw* But the last two investi- 
gators were able to overcome this difficulty by decreasing the 
agitation of the samples during extraction 

In order to determine whether this method would give clear 
filtrates with the flours being examined, tests were made on the 
SIX samples of flour in which the shaking of the samples during 
extraction was gradually reduced to such an extent that the solu- 


i/ourn Amer Cheni Soc , xxix, p 910, 1907 
^Ibid , xxvi, p 263, 1904 
mid , xxix, p 1747, 1907 
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tions could be filtered through double quantitative filters and thus 
give a clear filtrate But it was found that by so doing the total 
nitrogen as determined by the Kjeldahl method had decreased 
and there was not the agreement between duphcates that was 
obtained when the samples were thoroughly shaken dunng ex- 
traction, thus showing that this means of obtammg a clear filtrate 
is not applicable mth these flours 
Teller* states that he obtained clear solutions of gliadin by fil- 
tenng through a layer of animal charcoal, while Marion- m the 
polariscope method as outhned bj' him recommends the stirring 
of the solution at the end of the extraction penod, with 0 8 gram 
of ammal charcoal for from one to two minutes before filtermg 
Both of these methods were tned on the flours under exammation 
and it was found that under these conditions clear filtrates could 
be obtamed, but the animal charcoal m carrymg down with it 
the suspended colormg matenal of the solution had also earned 
down some of the ghadm and this m varymg amounts as was 
shown by the lack of agreement between dupheate detenmnations 
made by the Kjeldahl method The method which was finally 
adopted after trymg vanous others was to filter the solutions 
through asbestos Filters of this were prepared as follows a 
small amount of dry finely-shredded asbestos was placed m the 
bottom of a Gooch crucible and a pad of about one-half inch 
made by pounng suspended asbestos upon this This was washed 
with alcohol, dried and the solution filtered through it This 
gave a rapid method of filtermg, and evaporation did not affect to 
any appreciable extent the concentration of the solution Clear 
filtrates were obtained from all the flours by this method, and 
duphcates agreed very closely thus showing that the filter had no 
retarding influence on the mtrogenous substances In order to 
reduce the color of the solutions, which was very dark from some 
of the flours, and m this manner to mcrease the accuracy of the 
polanscope readings, one-hadf the amount of flour recommended 
by Snyder was extracted with 100 cc of alcohol (100 cc of alcohol 
to 7 985 grams of flour m place of 15 97 grams) The effect of 
this upon the accuracy of the method m general will be considered 


‘Itner C/icm Journ , xln, p 59, 1S97 
’Inn chim analyt , \i, p 134, 1906 
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later Solutions piepared as above described and placed in well 
stoppered flasks may be kept for several hours without develop- 
ing the cloudy appearance referred to by Thatcher and Snyder, 
providing the temperature does not fall to 10° C 

INFLUENCE OF RATIO OP ALCOHOL TO FLOUR ON GLIADIN 

EXTRACTED 

These determinations were made by extractmg 15 97, 7 985, 
3 9925, and 1 9962 grams of each of the flours with 100 cc of 70 
per cent alcohol by volume, and 15 97, 1 985 and 2 grams with 74 
per cent alcohol for forty-eight hours with occasional thorough 
shakmg At the end of this time the solutions were filtered as 
described above and placed immediately mto 200 cc bottles pro- 
vided with ground glass stoppers Twenty cc of this solution 
were used for mtrogen determmations by placing into Kjeldahl 
digestion flasks ivith 5 cc of concentrated sulphuric acid and the 
alcohol distilled off After this, 15 cc more of concentrated sul- 
phuric acid and 0 5 gram of mercuric oxide was added and the 
digestion completed The total mtrogen was detenmned as out- 
lined by the Association of OflScial Agricultural Chemists^ The 
remaimng solution was used for polarization In this a 200 mm 
tube was used and an average taken of from six to eight readings 
In table 1 is shown the per cent of mtrogen extracted by 70 and 
74 per cent alcohol with varying proportions of flour to alcohol 
An examination of the table shows that the total alcohol- 
soluble protein is not obtamed with either 70 or 74 per cent alco- 
hol when 15 97 grams of flour are extracted with 100 cc of alcohol 
even after the expiration of forty-eight hours, for m the above 
determmations the solvent was allowed to act for that length of 
time. It may be seen that the greater amount extracted by the 
alcohol when a small amount of flour was used, m proportion to 
the alcohol, is not a constant, but appears to vary with the flour and 
strength of alcohol, reachmg the great difference of 0 113 per cent 
nitrogen with Black Don and only 0 013 per cent with Gold Coin 
The average difference of the two strengths of alcohol, 70 and 74 
per cent are nearly the same, being 0 051 and 0 061 per cent res- 
it! S Dept of Agr , Bureau of Chem , Bull No 107 (Revised) p 5 
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pectively With the 70 per cent alcohol there is a greater amount 
of nitrogen obtained when the ratio is 3 9926 grams of floui to 
100 cc of alcohol and the amount is still greater when the ratio is 

1 9963 grams of flour to 100 cc of alcohol Where 74 per cent 
alcohol was used as a solvent the mtrogen obtained is about the 
same whether 100 cc of alcohol was used to extract 7 985 grams or 

2 grams of flour Where there is a difference it is within experi- 
mental error 

These results, especially as obtained with 70 per cent alcohol, 
are in keeping with those reported by Chamberlain^ who found 
that in gliadin determinations relatively large amounts of solvent 
should be used with relatively small amounts of solute He 
recommends that not over 2 grams of flour be used to 100 cc of 
70 per cent alcohol 

In table 2 is given the ratio of the per cent alcohol-soluble 
protein nitrogen as obtained by the Kjeldahl method divided by 

TABLE 2 


Showing the ratio of per cent alcohol soluble nitrogen to polanscope reading 
with differing charges of flour in 70 per cent and 74 per 

cent alcohol by volume 


GRAMS OF FLOUR TO 100 CC l 

OF ALCOHOL | 

NEW 
ZEAL* 
ANP ' 

WHITE 

CLUB 

1 

1 

GOLD 

COIN 

BLACK , 
DON : 

KAHLA ' 

ADJINX 

aver- 

age 

15 97 gin flour to 100 cc 

70 



1 

1 

1 




per cent alcohol 


0 50 

0 53 

0 50 

0 55 

0 52 j 

0 56 

0 526 

7 985 gm flour to 100 cc 

70 

1 

1 



1 

1 

i 


per cent alcohol 


0 51 i 

0 53 

0 50 

0 56 

0 51 

0 54 

1 

0 525 

3 9925 gm of flour to 100 cc 1 

1 







70 per cent alcohol 


0 52 1 

0 53 

0 51 

0 55 

0 52 

0 54 

0 528 

15 97 gm flour to 100 cc 

74 




1 

1 



per cent alcohol 


0 4a 

0 44 

0 45 

0 47 I 

0 46 

0 48 

0 463 

7 985 gm flour to 100 cc 

74 








per cent alcohol 


0 47 

0 45 

0 46 

0 47 j 

! 0 47 

1 

0 47 

1 

0 465 


the polanscope reading on the sugar scale of a Schmidt and 
Haensch polanscope The polarizations were made in 100, 200, 
and 400 mm tubes with charges of 15 97, 7 985 and 3 9925 grams 
respectively 

i/ourn Amer Cheni Soc , wvui, p 1657, 1906 
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An examination of these results shows that the ratio of alcohol- 
soluble protein, to polanseope reading varies directly with the con- 
centration of the solution This is in accord with the results 
obtained by Mathewson^ who found that the specific rotation of 
carefuUv prepared ghadin in 70 per cent alcohol is but httle 
affected by ordinary changes in the ghadin concentration of the 
alcohohc extract In the above results, however, the hard wheats 
show a shghtly higher average ratio than do the soft wheats 
Inasmuch as the ratio of per cent nitrogen to polanseope read- 
mg is a constant- with varymg ratios of alcohol to flour, and a 
greater amount of nitrogen is extracted when the ratio is 7 985 
grams of flour to 100 cc of alcohol than when it is 15 97 grams of 
flour to 100 cc of alcohol, the former ratio has been used m the 
followmg work That this does not decrease the accuracy of the 
polanseope method is shown by the followmg consideration The 
dilute solutions are less colored than the more concentrated and for 
this reason the error m the polanseope readmg is less m the dilute 
solution than m the more concentrated and darker ones An 
error of 0 1 on the sugar scale of a Schmidt and Haensch polan- 
scope (with solutions prepared as described above and polanzed 
with care the error need never exceed this amount) would be equal 
to 0 046 per cent mtrogen in 74 per cent alcohol While with the 
method as recommended by Snyder using the factor 0 2 as obtamed 
by him there would be an error of 0 02 per cent mtrogen This 
would have the result 0 026 per cent mtrogen m favor of the 
ratio 15 97 grams of flour to 100 cc of alcohol But as was shown 
above when this ratio is used the mtrogen extracted is 0 061 per 
cent less than when the ratio 7 9S5 grams of flour to 100 cc of 
alcohol is used This gives 0 035 per cent mtrogen m favor of the 
latter With some flours which give fairly colorless solutions on 

'Journ Amer Chem Soc , xxviu, p 624, 1906 

*In this work within experimental error That the specific rotation 
of a great number of organic compounds does \ arj with the concentration 
of the solution is a well established fact (c/ Landolt RotaUon of Organic 
Substances, Translated by Long, p 169) That ghadin belongs to this class 
IS quite hkelj from the w ork of Lindet and ■Uninann(.4nn Inst Xal Ag on , 
1907 , pp 233-243) But from the work reported m these pages the difference 

ould not appear to be of sufficient magnitude to materiallj effect deter- 
minations made by the polanseope method 
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extractions this error may be further reduced by using a 400 mm 
tube in the polaiization This, however, has not been found 
advisable with these high gluten flours as the darker color of the 
column of liquid decreases in too great a measure the accuracy of 
the polariscope reading 

INFLUENCE OF DURATION OP EXTRACTION ON YIELD OF NITROGEN 

This was determined by extracting 7 985 grams of each of the 
flours with 70 and 74 per cent alcohol for 24 and 48 hours The 
results obtamed are given in table 3 

TABLE 3 


Showing per cent nitrogen extracted and ratio of polanscope reading to per 
cent nitrogen for each of the flours after extraction with 70 and 
74 per cent alcohol for 24 and 48 hours 


DUHATION OF BXTRACTION 
AND 

STRSNOTH of ALCOHOr 

IfZW 

ZBAL> 

AND 

wawB 

CLUB 

GOLD 

COIN 

BLACK 

DON 

KABLA 

xDJim 

ATBB' 

ADD 

70 per cent alcohol, 24 
hours 

1 450 

1 289 

1 

1 505 

1 721 

1 732 

vt 

00 

1 543 

74 per cent alcohol, 48 
hours 

1 47oj 

i 

1 333 

1 508 

1 731 

1 735 

1 592 

1 562 

Difference 

0 020: 

0 044! 

0 003 

0 010 

0 003 

0 034 

0 019 

Per cent nitrogen by pol- 
ariscope reading 24 
hours 

0 50 

0 53 ' 

0 50 

0 56 

0 54 

0 57 

0 533 

Per cent nitrogen by pol- 
ariscope reading 48 
hours 1 

0 51 

0 53 

0 50 

0 56 

0 51 

0 54 

0 525 

74 per cent alcohol, 24 
hours 

1 270 

1 086 

1 

1 293 

1 320 

1 446 

1 278 

j 

1 282 

74 per cent alcohol, 48 
hours 

1 278 

1 1 106 

1 

1 291 

1 329 

1 448 

1 289 

1 290 

Difference 

0 008 

0 020 

-0 002 

0 009 

0 002 

0 011 

0 008 


These results show that there is a small quantity of protein 
which passes into solution even after the expiration of 24 hours 
contact with the solvent The increase is marked only m the case 
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of the White Club and Adjim With the remainder of the samples 
the mcrease after 24 hours is very small That this mcrease is 
not due to evaporation is shown by the fact that the bottles con- 
tauung the solution weighed the same at the beginning and end 
of the extraction period 

Examinmg the work which has been previously done on this 
subject, we find that Hummel*^ reports the amount extracted after 
the lapse of 44 hours to be shghtly greater than that extracted at 
the end of 24 hours Chamberlam- found the same to be true 
He also compared the amount extracted at the end of 48 and 72 
hours and found a small mcrease but it was not as great as m the 
precedmg 24 hours It is possible that the extra amount ex- 
tracted after 24 hours is glutenm or some mtrogenous substance 
of the flour other than ghadm However, the small difference m 
the chemical composition of ghadm and glutenm makes this 
rather difficult to determme 

That the specific rotation of the ghadm is not changed to any 
great extent by contact with 70 per cent alcohol for 48 hours 
seems probable from the results given, as the per cent mtrogen 
divided by polanscope readmg is nearly constant for both penods 
Prom these results it would appear that where as great accuracy 
as possible with our present methods is desired m the determmation 
of the alcohol-soluble proteins, the extraction should be contmued 
for 48 hours But it must be borne in mmd that when the length 
of the extraction period is mcreased, the error resultmg from evap- 
oration may be also mcreased if special precautions are not taken 
to prevent evaporation by the selection of bottles with well ground 
stoppers and the avoidmg of excessive temperature durmg extrac- 
tion Nor should the flour be left m contact with the alcohol for 
too long a time, for if this be the case, part of the ghadm may 
become insoluble 

INFLTJENCE OF STRENGTH OF U^COHOL ON GiaADIK ECTRiCTED 

Considerable work has been done to determme the effect of 
different strengths of alcohol on the extraction of ghadm from flour 


'■V S Dept of Agr Bureau of Chen Bull 105, p S3, 1906 
S DepL of Agr Bureau of Chen Bull SI, p IIS, 1903 
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but in so far as I am aware, it has not been considered in connection 
with the rotation of the extract And it is, primarily, m this con- 
nection, that it is to be considered in this article 

Examining some of the work which has been previously done, on the 
extraction of gliadin from flour by varying strengths of alcohol, we find 
greatest amounts of nitrogen obtained with comparatively dilute alcohol 
As for example Snyder* determined the nitrogen extracted by alcohol 
varying in strength from 60 to 72 per cent and found that the greatest 
amount, 85 per cent, was obtained with 60 per cent alcohol, and that the 
amount extracted decreased as the alcohol became more concentrated, the 
72 per cent alcohol extracting only 0 67 per cent nitrogen Hummed de- 
termined the amount extracted with alcohol varymg in strength from 70 to 
81 per cent by weight, and found that 70 per cent alcohol had extracted 
0 96 per cent nitrogen and that there was a gradual decrease in the yield 
to 75 per cent alcohol which extracted 0 66 per cent nitrogen, while the 81 
per cent alcohol was found to extract only one-third as much as the 70 per 
cent Shutt* tested alcohol ranging in concentration from 60 to 86 4 per 
cent by weight with similar results While there is a greater amount of 
nitrogenous material extracted from the flour with the more dilute alcohol, 
there are facts which tend to show that the dilute alcohol also extracts a 
comparatively greater amount of non-gliadm nitrogen This together with 
the fact that gliadm reaches its maximum solubility in 70 per cent alcohol 
has led a great number, though by no means all, mvestigators to adopt this 
as the proper strength of alcohol to use in gliadin determinations, a 
strength which appears from the following work to be too low 

The SIX different flours used in this work have been tested as to 
nitrogen extracted by varying concentrations of alcohol together 
with the influence on the polariscope reading as obtained with the 
alcoholic extract This was determined by extracting 7 985 grams 
of each of the flours for 48 hours within 100 cc of alcohol varymg 
in strength from 60 to 80 per cent by volume The results for 
the per cent nitrogen are given in table 4 
The maximium amount as may be seen, was extracted by 70 
per cent alcohol And with the exceptions of Black Don m which 
there is a large decrease, and Kahla a large increase, there is a 
gradual decrease to 60 per cent alcohol As the strength of the 
alcohol IS increased from 70 to 72 5 per cent there is a large decrease 

*C7 S Dept Agr Bureau of Chem Bull 105, p 88, 1906 
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in the nitrogenous extract being as an average of these determina- 
tions 0 222 per cent mtrogen As the strength of the alcohol is 
increased from 72 5 to 80 per cent there is a decrease in the mtro- 
gen obtained but not m so marked a degree as between the 70 and 
72 5 per cent alcohol The proportion of the mtrogenous sub- 
stances extracted by different strengths of alcohol, m some cases, 
appears to vary with the flour but in the main they all seem to 
follow the same trend 

The polariscope readmg of solutions prepared by extractmg 
flour with alcohol varying in strength from 60 to 80 per cent by 
volume was determined and are given m table 5 m the form of 
per cent nitrogen divided by the polariscope readmg 

TABLE 5 


Showing the factor of per cent mtrogen as determined by the Kjeldahl 
method divided by the polariscope reading for varying 
concentrations of alcohol 


STHENaTB OF ALCOHOL PEB CENT 
BT VOLUME 

NEW 

ZEAL- 

AND 

WHITE 

CLUB 

GOLD 

COIN 

BLACS 

DON 

EAHLA 

ADJINI 

ate«- 

AOS 

60 per cent alcohol 

m 

0 47 

0 49 

0 51 

0 58 

0 52 

0 516 

Greater less — , than by 

70 per cent alcohol 




- 05 




65 per cent alcohol 

0 46 







Less than by 70 per cent alco- 
hol 



HI 





70 oer cent alcohol 

0 51 

0 53 


0 56 

0 51 

0 54 

0 525 

72 5 per cent alcohol 

0 47 

0 44 

0 45 

0 51 

0 51 

0 48 

0 477 

Less than by 70 per cent alco- 
hol 

m 

0 09 

0 05 

■1 

■i 

■ilU 



74 per cent alcohol 

0 47 

0 45 

0 46 

0 47 

0 47 

0 47 

0,465 

Less than by 70 per cent alco- 
hol 






0 07 


75 per cent alcohol 

0 47 

0 45 

0 47 

0 46 

0 48 

0 48 

0 468 

Less than by 70 per cent alco- 






0 06 


80 per cent alcohol 

0 44 

0 49 

0 44 

0 46 

0 52 

0 44 

0 165 

Less than by 70 per cent alco- 
hol 


0 04 

■ 

■ 


■ 
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An examination of the table 5 reveals the facts that "With 
few exceptions the ratio of per cent nitrogen to polariscope read- 
ing IS greatest where the flour has been detracted with 70 per cent 
alcohol, that this ratio decreases as the strength of alcohol 
mcreases from 70 to 80 per cent and that the difference between the 
ratios as shown by the different flours with the same strength of 
alcohol IS least with 74 and 75 per cent alcohol Examining the 
difference between the ratio as shown by the various samples 
extracted with 70 per cent alcohol, we find it to be 0 06, while 
with 74 per cent alcohol the difference is only 0 02 Companng this 
latter result with the difference existing between vanous samples 
as extracted with other strengths of alcohol, except 75 per cent 
we find a still greater difference This is very important, es- 
pecially where ghadm is to be detenmned by the polarization 
of the alcohohe extract and then multipl3n;ng the results thus 
obtained by a factor obtamed from a series of determmations on 
different flours 

If the specific rotation for the dissolved substance, calculated 
as ghadm, be detenmned from the different percentages of mtro- 
gen and corresponding polariscope readings for the vanous 
strengths of alcohol, the following results are obtamed 


6TSBVQTH Or 

ALCOHOL 

fall) 

m CXNT 

60 

-80 85 ° 

65 

-86 52 ° 

70 

-79 49 ° 

72 5 

-87 46 

74 

-89 80 

75 

-89 16 

80 

-89 71 


These results show that the specific rotation reaches its highest 
value when the flour has been extracted by means of 74 per cent 
alcohol This fact together with the nearly constant value 
obtained in nitrogen by polariscope readmg with 74 per cent 
alcohol pomts very strongly to the conclusion that this strength 
of alcohol extracts more nearly pure ghadm than does uny of 
the other strengths tested However, the great difference in 
the amount of mtrogenous matenal extracted by 70 and 74 per 
cent alcohol raises the question as to whether the extraction of 
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gliadm is as complete with 74 per cent as it is with 70 per cent 
alcohol In order to throw some light upon this subject, the 
solubility of gliadm was determmed m 70 and 74 per cent alcohol 
The solubility m 70 per cent alcohol of carefully prepared 
gliadm was found to be 0 0601 while in 74 per cent alcohol it was 
found to be 0 0538 The difference in the solubility m the two 
concentrations is very small so it would appear as if just as much 
gliadm would be extracted from 7 985 grams of flour with 100 cc 
of 74 per cent alcohol as with the same amount of 70 per cent 
alcohol, for the gliadm m this weight of flour would not exceed 0 8 
gram which is only one-seventh of the amount 100 cc of 74 per 
cent alcohol is capable of dissolving 
With methods based on the determination of gliadm with 
alcohol as a solvent, we must try and find the strength of alcohol 
m which the non-gliadm material extracted reaches a minimum 
and still extract all of the gliadm Quite definite conclusions 
can be drawn on this subject from a consideration of the results 
obtained for the specific rotation of the alcohol extracted protein, 
together with the solubility of gliadm The specific rotation 
of the alcoholic extracted protein from wheat flour reaches its 
maximum m 74 per cent alcohol which indicates that the non- 
gliadm material reaches its minimum value in alcohol of this 
concentration, 100 cc of 74 per cent alcohol is capable of dissolv- 
ing 5 38 grams of gliadm and with the weight of flour (7 985 grams) 
used the amount to be extracted would not exceed 0 8 gram 
And the fact that when one-third of this amount of flour was 
extracted with 100 cc of 74 per cent alcohol the per cent of 
gliadm obtained was but little greater than when the full 7 985 
grams was used, would make it appear as if the conditions out- 
lined above were most nearly reached with 74 per cent alcohol 

INFLUENCE OP HOT EXTRACTION 

Kjeldahfl found that the temperature of the alcohol used in 
the extraction of the protein from wheat meal influenced but 
slightly the amount extracted While Chamberlain- determined 

^CcTit'''albl Agr Chew, , x\v, p 197, 1896 
’‘Journ Amer Chew Soc , wvm, p 1657, 1906 



J E Greaves 


285 


the amount of protein in a sample of flour ■with cold and hot 
alcohol and obtamed -with the former 7 32 per cent protem and 
■mth the later 7 47 per cent protein. The hot alcohol extracted 
less protein than the cold, however it is difficult to state just 
what portion of this diflerence is due to the change m temperature 
of the solvent and what is due to the change m the concentration 
of the alcohol durmg extraction and the subsequent addition of 
alcohol to replace that lost by evaporation 
Manon^ apparently overcame this difficulty by extracting the 
flour in a closed vessel 'with hot alcohol In order to test this 
method, the six flours used m this work were extracted in closed 
bottles by placmg 7 985 grams of each of the flours, together 
■with 100 cc of 74 per cent alcohol mto tightly stoppered pressure 
flasks These were weighed and then heated m a water bath at 
65°C for twenty-five mmutes with occasional thorough shakmg 
After which they were cooled to 17‘’C, weighed, and the mtrogen 
and polanscope determinations made as m the general method 
The results together with those obtamed by 48 hours, cold extrac- 
tion of the flours with 74 per cent alcohol are given m table 6 
The weight of the flasks before and after extraction were practi- 
cally the same thus showmg no appreciable amount of alcohol 
had been lost by evaporation 


TABUG a 


Showing the per cent nitrogen extracted bg hot and cold 74 per cent alcohol 
also the ratio of per cent nitrogen to polanscope reading in each case 


psa c£VT vrrBOCzv 


HATIO 07 fZB CZST 'nxaOOE'f TO 
70LAai3C07S BSADUia 


TAaiETT 


' I 

j 74 per cent 1 74 Per cent 
cold alcohol hot alcohol 


Difference 


74 Percent* 74 Percent^ 
cold alcohol hot alcohol . 


Difference 


I 


New Zealand 

1 

278 

1 

390 

White Club 

1 

106 i 

1 1 

165 

Gold Com j 

1 

291 1 

1 1 

393 

Black Don 

j 1 

329 ' 

' 1 

623 

Kahla ^ 

1 1 

448 1 

1 1 

671 

kdjini 

1 1 

2S9 

1 1 

494 

■Average 

1 ^ 

290 

' 1 

J 

457 


0 

112 

0 

47 

1 0 

56 1 

0 

09 

0 

059 

0 

45 

1 0 

52 

0 

07 

0 

102 

0 

46 

0 

59 i 

0 

13 

0 

303 

0 

47 

! 0 

61 j 

0 

14 

0 

223 

0 

47 

0 

60 

, 0 

13 

0 

205 

0 

47 

0 

« i 

i 0 

17 

0 

167 

0 

465 

! » 

587 1 

1 0 

1 

121 


‘Ann chm analyt , xi, p 134, 1906 
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These results show a greater per cent of protein nitrogen m 
every case where the extraction has been made with hot alcohol 
than where it has been made with cold This difference varies 
with the different flours being greatest with Black Don and least 
with White Club In fact all the Durum varieties show a larger 
difference than do the common bread varieties However, m 
the case of all the flours there is a large difference between the 
hot and cold extraction and amounts to, as an average of these 
determinations, 0 167 per cent of mtrogen The ratio of mtrogen 
to polariscope reading is also higher in the hot extraction and there 
IS a lack of agreement in this ratio with the different flours when the 
hot alcohol is used as the solvent 

The solutions obtained by cooling and flltermg after hot av 
traction were clear, but on standing for a few hours they became 
turbid and in a short time a fine precipitate settled out This 
was filtered off and the filtrate allowed to stand for 24 hours 
during which time there again developed a turbid solution The fact 
that alcoholic solutions of ghadin and solutions made by cold 
extraction of flour may be kept for several days without becoming 
turbid, indicates that the gliadm was either changed during the 
hot extraction or that some substance other than gliadm was 
extracted by the hot alcohol, which on standing, slowly separated 
out That it IS due to the latter cause is likely from the fact 
that gliadm solutions gave the same specific rotation after heating 
for twenty-five minutes at 65°C as they did before 

INFLUENCE OF HEATING FLOUR BEFORE EXTRACTION 

This was determined by heating 7 985 grams of each sample 
for 16 hours in a steam bath at They were then extracted 

with 74 per cent alcohol for 48 hours, and the mtrogen and polari- 
scope determinations made as in the preceding work The results 
together with those obtained with the air-dry flour are given in 

table 7 « « 

As may be seen, there is a variation with the different flours 

nevertheless, -with the single exception of Black Don, the air-dry 
flour on extraction yields considerably more protein than does the 
flour which has been heated at 98°C for 16 hours This difference 
being as an average of all the determinations 0 085 per cent 
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nitrogen This is not as great a difference as -was obtained bj 
Chamberlain^ who has studied the action of the alcohohc extrac- 
tion of dry and air dry flour with the result that he obtained 4 58 
per cent protein from a sample of dry flour and 7 32 per cent 
from the sample in the air-dry condition 
The ratio of per cent mtrogen to polariscope readmg, within 
experimental error, is the same under both conditions It is 
likely that the portion which has been rendered insoluble is mamly 
albumen as very httle of the globulin would be coagulated at the 
temperature used in drying the flour That it is not the ghadin 
IS likely from the work of Mathewson who has shoivn that ghadin 


TABLE 7 


Showing the per cent nitrogen extracted by 74 per cent alcohol from dry 
and ovr-dry Ilour, together lailh the ratio of per cent 
nitrogen to polariscope reading in each case 


P£S CENT 'nraOQEN EXTBACIEE ,j 


fEacESTsrrBooB'i ar 
pozu&iscopE nsAJiina 



From dry 
flour 

From alx- 
dry flour 

DLffereoce , Dry flour 

1 

Air-dry 

Sour 

J^lSezenee 

New Zealand 

1 118 

1 278 

]\ 

0 160 ' 0 46 

0 47 

0 01 

White Club 


1 106 

0 090 1 0 44 

0 45 

0 01 

Gold Com 

1 187 

1 291 

0 104 0 43 

0 012 I 0 46 

0 46 

0 03 

Black Don 

1 317 

1 329 

0 47 

0 01 

Kahla 

1 365 

1 443 

0 083 ' 0 48 

0 47 

0 01 

Adjmi 

1 225 

1 289 

0 064 '1 0 48 

0 47 

0 01 

Average 

1 205 

1 290 

0 OSS [ 0 459 

L 

0 465 

0 006 


apparently suffers no change when heated at the above tempera- 
ture for sixteen hours However, the conditions for gbadm are 
different when heated in the air-dry flour than when the nearly 
pure ghadm is heated, so that too much rehance must not be put 
upon his work The very nearly agreeing ratios of mtrogen to 
polariscope readmg in the case of heated and non-heated flour 
show that if the ghadm be not rendered insoluble by the heating, 
the substance which is rendered insoluble, has very nearly the same 
specific rotation as that of ghadin Furthermore, there was a very 

^Journ Amcr Chcm Soc.xxvm, p 1657, 1906 
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close agreement between duplicate determinations a condition 
which would not be expected if part of the ghadin had been 
rendered msoluble 


EXTEACTION WITH ETHER AND THEN ALCOHOL 

This determination was made to ascertain the effect of the 
ether-soluble substances (such as lecithin, which contains nitro- 
gen and IS optically active) on the results obtained by the Kjeldahl 
and polariscope methods The determinations were made by ex- 
tracting 7 985 grams of each of the flours with "anhydrous ether" 
m a Soxlet extraction apparatus for eight hours, drying at a low 
temperature long enough to dispell all the ether, extracting for 
forty-eight hours with 74 per cent alcohol and determimng the 
nitrogen and polariscope readings as m the preceding work The 
results are given in table 8, together with those obtained by the 
direct extraction of air-dry flour with 74 per cent alcohol 

TABLE 8 


Showing the per cent nitrogen extracted by 74 per cent alcohol from ether- 
extracted and air-dry flour, also the ratio of per cent nitrogen 
to polariscope reading in each case 


VARIETY 

PER CENT NITROGEN EXTRACTED 

RATIO OF PER CENT NITROGEN 

1 TO POLARISCOPE READING 

From ether 
extracted 
flour 

From alr- 
dty flour 

Difference 

For ether 
extracted 
flour 

For air- 
dry flour 

Difference 

New Zealand 

1 142 

1 278 

0 136 

0 45 

0 47 

0 02 

White Club 

1 987 

1 lOG 

0 119 

0 47 

0 45 

-0 02 

Gold Com 

1 229 

1 291 

0 062 

0 44 

0 46 

0 02 

Black Don 

1 323 

1 329 

0 006 

0 50 

0 47 

-0 03 

Kahla 

1 442 

1 448 

0 006 

0 50 

0 47 

-0 03 

Adjmi 

1 278 

1 289 

0 on 

0 49 

0 17 

-0 02 

Average 

1 234 

1 290 

0 056 

0 475 

0 465 

0 01 


An examination of the above table shows that m the case of 
the common bread varieties of flour, there is a much greater per 
cent of nitrogen extracted from the air-dry flour than from flour 
which has been previously extracted with ether However, with 
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the flours from the Durum wheats the results are, within experi- 
mental error, the same for both extractions The ratio of per 
cent mtrogen to polariscope reading shows a small difference m 
the two determinations but there is no regularity in the difference 
The solutions which were obtamed from the ether extracted flour 
were nearly colorless while some of those obtamed by the direct 
extraction of the flour with alcohol, although clear, were qmte 
highly colored This was greatest m the ease of Black Don and 
Kahla and least with New Zealand and Gold Coin 

In order to deter min e to what extent the ghadm had been dis- 
solved by the ether, two-gram portions of carefullj prepared 
ghadm were extracted with ether m a Soxlet extraction apparatus 
for four hours, the ether evaporated and the resultmg residue 
taken up with 100 cc of 74 per cent alcohol The rotation of this 
solution was practically zero The mtrogen m the solution was 
determmed by the Kjeldahl method and it was found to contain 
0 9 mg of mtrogen The ghadm which had been used m the first 
extraction was agam extracted with ether for four hours and the 
mtrogen determined as before with the result that the ether had 
extracted 0 14 mg of mtrogen The results show that the ghadm 
IS dissolved only very slowly by the ether and taken in connection 
with the results obtained from the extraction of the flour with 
ether, they show that some flours contam sufficient ether soluble 
mtrogen carrying substance to matenally affect ghadm determi- 
nations as made by the direct extraction of air dry flour with 74 
per cent alcohol 

INFLUENCE OF TEMPERATURE ON THE POLARISCOPE READING 

Solutions were prepared as in the general method and the pol- 
anscope readmgs taken at different temperatures It was found 
that solutions filtered at room temperature (about 17°C ) on being 
cooled to below 10°C gave a turbid solution and for this reason 
the first reading was taken at lO^C and subsequently readmgs at 
20, 30, 40, 50 and 60°C The average of all the results obtamed 
from all the flours was found to be 0 15 more on the sugar scale of 
a Schmidt and Haensch polariscope at 10°C than at fiO’C This 
w ould correspond to a difference of 0 003 on the sugar scale for a 
change of each degree in temperature Therefore, a rise of lO^C 
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which in oidinary work is far bej^ond the change in temperature 
that would be hkely to occui is equal to 0 03 on the sugar scale 
This would correspond to only 0 012 per cent nitrogen which is 
within experimental error For this reason, it is not necessary 
to make a correction for the differences m temperature How- 
ever, it IS best when working with the polariscope to make all 
readings at between IS*" and 20°C for above this temperature 
evaporation is comparatively great, and below this temperature 
the solution, if filtered at 15°C tends to become turbid, thus 
preventing an exact reading 

THE INFLUENCE OF NON-PROTEIN SUBSTANCES ON THE POL^RI- 

SCOPE READING 

Some analysts have found it necessary when determimng ghadin, 
by means of the polariscope method, to make a correction for the 
sugars extracted with the gliadm, while others have found this to 
be unnecessary '■ 

Determinations have therefore been made on the six different 
flours used in this work to find out the effect of non-protem sub- 
stances on the results obtained by means of the polariscope This 
was done by precipitating the protein material from 50 cc of the 
solution prepared as in the preceding determinations by means 
of 5 cc of a saturated solution of mercuric mtrate, and then po- 
larizing The correction thus obtained, m terms of per cent on 
the sugar scale of a Schmidt and Haensch polariscope, was found 
to be as an average of all the flours 0 223 The lowest reading 
was obtained for Gold Com 0 159 and the highest for Adjini 
0 281 The results were found to be the same, within experi- 
mental error, when the flours had been extracted with cold 7-1 
per cent alcohol, in the air-dry condition, after extraction with 
ether after heating 16 hours and when extracted with hot 74 per 
cent alcohol 

These results show that with flours similar to those used in 
this work it IS necessary to make two polarizations so as to cor- 

1 Snyder Jour 7 i Ainer Chem Soc , xxvi, p 263, 1004, Norton Ibid , 
xxvii p 922 1905, Shaw Ibid , xxix, p 1747, 1907, Ladd U S Dept of 
Agn'c Bureau of Chem Bull No 133, p 53, Marion Ann chim analyt , 

XI, p 134, 1906 
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rect for non-protein material \ihich has been extracted by the 
alcohol Nor IS it sufficient to make an average correction for 
in the SIX flours used there was foimd a difference of 0 122 on the 
sugar scale of a Schmidt and Haensch polariscope, between Gold 
Com and Adjmi 

It IS mterestmg to compare the average results obtamed for 
per cent mtrogen, corrected ratio of per cent mtrogen to polan- 
scope reading, and calculated specific rotation for the various ex- 
tractions with 74; per cent alcohol These results are given 
below 
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These results show that when flour is extracted with hot 74 per 
cent alcohol in a closed vessel a greater per cent of mtrogen is 
obtained than when the flour is extracted with cold alcohol of the 
same strength However, an examination of the calculated 
specific rotations show that the hot alcohol extract considerable 
non-ghadm protein The mtrogen extracted by cold 74 per 
cent alcohol from flour which had been previously extracted 
with ether, or had been heated before extraction, is less than that 
extracted from the air-dry flour 

The ratio of per cent mtrogen to polanscope reading is nearlj 
the same for air-dry flour, heated flour, and ether-extracted flour, 
but IS much higher for flour extracted wnth hot alcohol The 
specific rotation is highest for heated flour and lowest for flour 
extracted with hot alcohol 
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SmiMARY 

The concentration of solutions of the alcohol-soluble proteins 
IS decreased on filtering through layers of animal charcoal or on 
being clarified by shaking with this substance and then filtering 
Solutions of alcohol-soluble proteins can be filtered through 
carefully prepared asbestos filters and in this manner clear filtrates 
obtained without materially changing the concentration of the 
solution 

As an average of the determinations made, 0 05 per cent more 
alcohol-soluble protein mtrogen was extracted when 7 985 grams 
of flour were treated with 100 cc of alcohol than when twice this 
amount of flour was used with the same volume of alcohol 
The extraction of the alcohol-soluble proteins does not seem to 
be complete, especially with 70 per cent alcohol, when the propor- 
tion of flour to alcohol exceeds 2 grams of flour to 100 cc of alcohol 
The specific rotation of alcohol-soluble proteins varies but little 
if any with the concentration of the solution 
Greater accuracy can be obtained m making ghadm deteimi- 
nations by means of the polariscope when 7 985 grams of flour 
are extracted with 100 cc of alcohol and polarized in a 200 mm 
tube than when twice this amoimt of flour is used with the same 
volume of alcohol However, with flours from some wheats the 
accuracy of the method can be increased still more by extracting 
7 985 grams of flour with 100 cc of alcohol and then polarizing in 
a 400 mm tube 

The amount of protein mtrogen extracted from flour vanes 
with the strength of alcohol used And with the strengths tested, 
60 to 80 per cent, the greatest amount was extracted by 65 per 
cent alcohol by volume and there was a decrease in this amount 
as the strength of the alcohol increased 
A consideration of the specific rotation of proteins extracted 
by alcohol of varying strengths shows that alcohol of 74 per cent 
by volume more nearly extracts pure ghadm than does alcohol of 
other strengths 

From a consideration of the solubihty of ghadm and the amount 
extracted with different ratios of alcohol to flour it appears that 
with a charge of 7 985 grams of flour to 100 cc of alcohol, 74 per 
cent alcohol extracts as much ghadm as does 70 per cent alcohol 
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The ratio of per cent nitrogen extracted from flour by alcohol 
to the polariscope reading for the solution varies with the strength 
of the alcohol 

The extraction of flour with hot 74 per cent alcohol m a closed 
vessel yields more protem mtrogen than does cold extraction 
However, the specific rotation of the protems extracted shows it 
to contam considerable non-ghadm protem material 
The heatmg of flour before extraction with alcohol decreases 
the amount of protem mtrogen extracted by 74 per cent alcohol 
Some flours contam sufhcient ether-soluble mtrogen carrymg 
substances to materially affect the accuracy of ghadm determi- 
nations made by the direct extraction of flour with 74 per cent 
alcohol 

The rotation of alcohohc extracts of flour is only shghtly affect- 
ed by changes m temperature and may, withm certam limits, be 
disregarded m determimng ghadm by means of the polariscope 
With the flours exammed it was found necessary to make a 
correction for the sugars m the polariscope method 
Ghadm determmations can be made rapidly by means of the 
polariscope and the results thus obtained are fairly accurate, but 
not as accurate as those obtained by the Kjeldahl method 




ON THE COMPOSITION OF CERTAIN SUBSTANCES 
PRODUCED BY THE ACTION OF PEPSIN UPON 
THE PRODUCTS OF THE COMPLETE PEPTIC 
HYDROLYSIS OF CASEIN 

By T BR^ILSFORD ROBERTSON and H C BIDDLE 

(From the Rudolph Spreckels Physiological Laboratory and the Laboratory of 
Organic Chemistry in the University of California ) 

(Received for publication, March 30, 1911 ) 

When neutral or faintly acid solutions of caseinates of bases 
are acted upon by small quantities of pepsin at 30°-36° a vanable 
quantity of a white precipitate, protein m nature and nch m 
phosphorus, is produced to which the term paranuclem has been 
apphed ^ In previous co mmuni cations it has been shown by 
one of us- that when this substance is subjected to partial 
digestion by weak alkah a product results, which resembles 
paranuclem very closely m its properties and solubdities, but dif- 
fers from it m the possession of a considerably lower phosphorus 
content, to this substance the provisional term “Paranuclem A” 
has been apphed It has further been shown that if concentrated 
solutions of pepsin be allowed to act at 36° upon the concentrated 
products of the complete hydrolysis of casern a substance, closely 
resembling Paranuclem A m its properties,’ phosphorus content, 
and solubilities, is gradually deposited from the mixture, and that 
a very similar substance is produced more qmckly if concentrated 
solutions of pepsin be made to act upon unconcentrated solutions of 
the products of the complete hydrolysis of casern at a considerably 
higher temperature, namely 65°, which is between 10° and 15° above 

•Kossel Verb d Berl phjsiol Ges , .4.rcb / {Anal und) Physiol , 1S91, 
p 181 For literature consult Gustav Mann Chemistry of the Proleids, 
1906, pp 395-396 

T Brailsford Robertson This Journal, ui, p 95, 1907, v, p 493, 1909 

*T Brailsford Robertaon This Journal, viu, p 287, 1910 

=93 
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the temperature at which the hydrolyhc activity of pepsin is stated 
to be destroyed 

With a view to further elucidating the relationship between 
these substances we have determined their carbon, hydrogen and 
nitrogen content, with the following results 

(1) Paranuclein, Obtained by the Partial Hydrolysis of Casein 

To 8000 cc of ^ KOH which had been rendered juat acid to resohc aoid 
by the addition of casein (about 40 grams per liter) were added 4 grams of 
GrQbler’s pepsin puriss sicc which had previously been dissolved m a little 
distilled water After the addition of excess of toluol (to render and keep 
the mixture sterile) and thorough agitation the mixture was kept at 36“ 
for 6 days At the end of that time a thiek white precipitate had formed 
and remained suspended withm the fluid The mixture was then heated to 
100° in a steam sterilizer for one-half hour, cooled and allowed to stand at 
36° for 24 hours At the end of that time a thick white precipitate had set- 
tled to the bottom of the container This was filtered off, washed m a large 
volume of distilled water and set aside under alcohol for 5 months To 
this was then added the similar precipitate which was obtained by treating 6 
liters of ^ KOH containing about 4 per cent of casein with pepsm for a 
week (adding 2 grams every two days) and similarly prepared After a 
few days the supernatant alcohol was poured off from the combined precip- 
itates They were then suspended in 8 liters of distilled water and suffi- 
cient NaOH was added to render the solution tenth-normal The entire 
precipitate dissolved readily, forming a clear yellowish solution To this 
after rapid filtration through glass wool, were added 60 cc of glacial acetic 
acid The thick white precipitate which was obtained was washed with 
10 liters of distilled water, agitated thoroughly and allowed to settle in tall 
glass cylinders The supernatant water was then removed by decantation 
and this process was repeated six tunes The precipitate was then washed 
in 8 liters of Kahlbaum's 99 8 per cent alcohol in two successive washings 
It was the collected on a hardened filter paper and washed with about 4 
kilos of Kahlbaum’s ether (uber Natrium destilliert) Fmally, it was placed 
in a mortar and triturated with 1 kilo of ether, the supernatant ether was 
poured off and the precipitate was dried at 30° over calcium chloride and 
then at room temperatures over sulphuric acid The paranuclein was 
thus obtained in the form of a fine, light, friable, white powder 
0 1771 gm substance gave 0 3246 gm CO 2 and 0 1146 gm H 2 O 
0 1 gm substance -gave 10 8 ccm nitrogen at 11° and 750 mm pressure 

Found 

49 98 per cent 
7 20 per cent 
12 80 per cent 


C 

H 

N 
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These figures agree very closely with, those obtained by Lubavm ‘ 
It will be observed that the percentage composition of paranuclem 
differs from that of the majonty of animal protems m that the 
carbon content is somewhat and the mtrogen content considerably 
lower than that which is characteristic of the majonty of protems, 
mcludmg casern ’ It also differs very stnkmgly from the “plas- 
teins” and “coaguloses” which are obtained by the coagulatmg 
or rennet-hke action of dilute pepsm or of insoluble powders upon 
the rmxed and concentrated products of the incomplete peptic 
hydrolysis of protems,* smce these bodies are especially charac- 
tenzed by their abnormally high carbon content * 

(2) Paranudein A, Obtained by the Action of Lime-Water 
upon Paranudein 

It has been found by one of us* that if paranuclem, prepared m 
the manner descnbed above and contarmng 4 2 per cent of PjOs 
be digested m excess of calcium hydrate, a substance of lower 
phosphorus content (1 6 per cent PjOs) and somewhat less solu- 
ble in acids is produced This substance has been provisionally 
termed Paranuclem A If digestion with calcium hydrate be con- 
tinued still further, or if it be earned out at a higher temperature, 
all substances precipitable by acetic acid disappear from the sol- 
ution (e g , digestion for 18 hours at 34° of a 0 25 per cent solution 
of paranuclem in saturated calcium hydrate) It therefore appears 
possible that m successive hydrolytic cleavages the paranuclem 
which is first produced m a peptic digest successively loses phos- 

'Lubavm Hoppe-Seyler’s Med-chem Untersuch , Berlin, 1866, p 463 
’Cf Hammarsten Texl-bool. of Physiological Chemistry, Trans by Man- 
del, New York, 1904, pp 27 and 440 

*Kuhne and Chittenden Zeilschr f Biol , xix, p 159, 1883 OLunew 
Dissertation, St Petersburg, cited after Malyhs Jahresber f Tierchem , 
1895, p 291 Lawrow Zeitschr f physiol Chem , li, p 1, 1907, liu, p 1, 
1907,lvi, p 343,1908 Sawjalow Arch f d ges PAyjiol , Lcccv, p 171, 
1901, Zeitschr f physiol Chem, liv,p 119,1907 Lawrow and Salaskin' 
Zeitschr f physiol Chem , xxxvi, p 277, 1902, Kurajeff Beitr z chem 
Physiol utid Path, i, p 121, 1901, lY, p 476, 1904, Umber Zeitschr 
f physiol Chem , xxv, p 258, 1898 
‘Kuhne and Chittenden loc cit etc 
‘T Brailsford Robertson This Journal, ui, p 95, 1907 
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phorus which is split off as phosphoric acid^ until, finally, a sub- 
stance or substances are produced which are no longer insoluble 
in neutral or faintly acid solutions, i e , which have lost one of the 
characteristic properties of the paranuclein group 

Paranuclem A was prepared in the following manner 

Ten grams of the paranuclem described above were dissolved m 4 
liters of saturated calcium hydrate and the mixture, in the presence of 
excess of toluol, was allowed to stand at room temperature for 16 hours 
Seventeen cc of glacial acetic acid were then added and an abundant floc- 
culant precipitate resulted, part of which settled to the bottom of the con- 
tainer, the remainder floating to the top On agitating the mixture and 
allowing it to settle again the whole of the precipitate sank to the bottom 
This was washed several tunes, by decantation, with water and then with 
alcohol (99 8 per cent, Kahlbaum) The precipitate was collected on a hard- 
ened filter paper, washed with five liters of 99 8 per cent alcohol and 2 liters 
of ether (Kahlbaum’s uber Natrium destilliert) and dried at 30° over cal- 
cium chloride and then at room-temperature over sulphuric acid Para- 
iiuclein A was thus obtained in the form of a light greyish-brown powder or 
cakes which were easily pulverized The estunated quantity of the product 
n as 4 grams 

0 2127 gm substance gave 0 3858 gm CO 2 and 0 1305 gm H 2 O 
0 2 gm substance gave 21 0 cc nitrogen at 11 5° and 757 mm pressure 

Found 

G 49 47 per cent 

H 6 80 per cent 

N 12 50 per cent 

It ivill be observed that in its carbon, hydrogen, and nitrogen 

content Paranuclein A is practically indistinguishable from para- 
nuclein 


(3) The Substance lolnch is Synthesised through the Action of 
Concentrated Pepsin at 36° upon the Concentrated Products 
of the Complete Peptic Hydrolysis of Casein 


It has been shown- that if the filtered products of the complete 
peptic hydrolysis of an approximately 4 per cent solution of casein 
in A sodium or potassium hydroxide be concentrated five or six 


iSalkowski and Hahn Arch / d ges Physiol , ]ix,_P 225, 189 j 
-T Brailsford Robertson This Journal, 111 , p 9a, 1907, v, p 493, 1909, 

viii, p 287, 1910 
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times and 30 cc of a 10 per cent solution of Grubler’s pepsin 
punss sicc be added to 70 cc of the concentrated solution thus 
obtamed, after a lapse of from 2 to 48 hours a white precipitate 
IS formed withm the mixture, which, when collected and purified, 
IS found to very closely resemble Paranuclem A in its properties 
and phosphorus content In the pubhcations alluded to above 
evidence has been brought forward tendmg to show that in this 
case we have a real systhesis of protem from the products of its 
hydrolytic cleavage, and the endeavor has been made to mterpret 
the mechanism which accomplishes this synthesis 

Eighteen hundred cc of the filtered products of the complete peptic 
hydrolysis of a 4 per cent solution of casern m ^ sodium hydrate, free from 
substances precipitable by acetic acid, either with or without the previous 
addition of alkah, were evaporated to 300 cc To this solution were added 
130 cc of 10 per cent pepsm (Grubler’s punss sicc ) and the mixture was 
set aside at 36° m the presence of excess of toluol Withm 24 hours a preci- 
pitate had appeared m the fluid 4fter 5 days the precipitate was collected 
on a filter and washed with water until the washmgs were colorlesss About 
200 cc of water contammg 30 cc of -nr sodium hydrate were then poured 
mto the filter and the contents agitated while the drippmgs were caught m 
about an equal volume of water containing 75 cc of acetic acid The 
resultant precipitate was collected on a filter, washed with water, 2 liters 
of 99 8 per cent alcohol and one liter of ether (HMD) and dried at 36° 
over calcium chloride and then at room-temperature over sulphuric acid 
The substance thus obtamed was a friable white powder very famtlj tinged 
with yellow 

0 1796 gm substance gave 0 3684 gm COi and 0 1227 gm H;0 
0 2 gm substance gave 21 9 cc nitrogen at 11 5° and 758 mm pressure 

Found 

C 55 90 per cent 

H 7 60 per cent 

N 13 00 per cent 

The mtrogen and hydrogen contents correspond tolerably with 
those of paranuclem and Paranuclem A but the carbon content is 
markedly higher This forcibly suggested that the toluol employed 
m keeping the digest stenle might have been dragged down by the 
slowly setthng precipitate Accordingly another preparation 
was made 

Tort j -two hundred cc of the filtered products of the complete peptic 
hj drol j SIS of a 4 per cent solution of casern in ^ sodium hj drate, tree from 
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substances precipitable by acetic acid, were evaporated to 600 cc To 340 
cc of this solution were added 135 cc of 10 per cent pepsin and the muture 
was set aside at 36° in the presence of only a few drops of toluol Within 
15 hours a precipitate had appeared in the duid After only 48 hours this 
precipitate was collected and purified as described above, the repreci- 
pitation being repeated twice, however, larger volumes of alcohol and 
ether employed in washing and toluol excluded during the operations of 
purification This preparation yielded the following figures 

0 1400 gm substance gave 0 2773 gm CO 2 and 0 094 gm H 2 O 

Found 

C 54 0 per cent 

H 7 5 per cent 

The carbon, it will be observed, was sbghtly lower than m 
the previous preparation This encouraged the idea that the 
high carbon was due to associated toluol, and an endeavor was there- 
upon made to find a stenhzmg agent, for employment during the 
digestion of the casein, which does not contain the aromatic 
group No satisfactory substitute for toluol could be found, how- 
ever Accordmgly a third preparation was made m which toluol 
was rigidly excluded throughout the process except during the 
imtial digestion of the casein Chloroform was employed to 
keep the concentrated mixture of products and pepsm sterile 
This product yielded the following figures — 

0 1220 gm substance gave 0 2384 gm CO 2 and 0 0858 gm HjO 

Found 

C 53 39 per cent 

H 7 SO per cent 

The carbon being again lower, but still high On the whole, 
having regard to the similarity of its general chemical behavior 
and physical properties to those of Paranuclem A and to the fact 
that the synthetic substance which is obtained at higher tempera- 
tures (see below) is identical m its carbon, hydrogen and mtrogen 
content, with Paranuclem A, it appears probable that the two 
substances are in reality identical, but that the synthetic substance 
prepared in the manner described above, is associated with some 
contamination which contains a greater percentage of carbon, 
possibly the toluol employed in stenhzmg the digest, or, more 
probably a protein, possibly a coagulose 
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(4) The SubstaTice which is Synthesised through the Action of Con- 
centrated Pepsin at 60° upon the Unconcentrated Products of 

the Complete Peptic Hydrolysis of Casein 

It has been shown by one of us*- that it is possible to syn- 
thesise a substance apparently identical, in physical properties 
and chemical behavior, with the above, and closely resemblmg 
Paranuclem A, from the unconcentraied solution of the products 
of the complete peptic hydrolysis of a 4 per cent solution of casern 
m -yV sodium or potassium hydroxide, provided the synthesis be 
earned out at a high temperature (60° to 70°) and m the presence 
of considerable excess of pepsm These temperatures are from 
10° to 15° m excess of the temperature at which, accordmg to the 
ma]onty of observers, pepsm is rapidly and completely depni ed 
of its proteolytic activity - From this and from other evidence 
pomtmg m the same direction, it has been argued that the sjti- 
thesis which occurs m these solutions is not an example of true 
“reversion” of a catalysed reaction, but that it is due to a shift 
m the equihbnum between the protem and its products conse- 
quent upon a shift in the equihbnum between two forms of the 
enzyme, one of which accelerates the hydrolysis and the other the 
synthesis of the protem 

To 1500 cc of the filtered and imconceatrated products of the complete 
peptic hydrolysis of 4 per cent casern dissolved m sodium hydrate, free 
from substances preoipitable by acetic acid, were added 300 co of 15 per cent 
pepsm (Grubler’s punss sicc ) and excess of toluol, both solutions having 
previously been heated to 60® The mixture was then set aside at 
Within three hours a heavy precipitate had appeared within the mixture 
After 48 hours the precipitate was collected on a filter, and thereafter this 
substance was prepared vn exactly the same manner as the substance des- 
cribed above The product which is thus obtamed is a hght greyish-white 
friable powder 

0 3S98 gm substance gave 0 7145 gm COj and 0 2474 gm HiO 

Nitrogen was determined by the Kjeldahl method 0 5 gm of substance 
bemg emploj ed 


'T Braiisford Robertson This Journal, v, p 493, 1909, viu, p 2S7, 1910 
Cf Oppenheimer Fermenis and their Actions, trans by Ainsworth 
MiteheU, Loudon, p 92, 1901, A. E Taj lor, On Fermentation, Umv of 
Calif Publ Pathol , i, p 253, 1907, Schwarz Beitr z chem Ph’jstol und 
Path , VI. p 524, 1905 
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Found 

C 49 99 per cent 

H 7 00 per cent 

N 13 10 per cent 

This substance therefore, so far as its content of carbon, hydro- 

gen and nitrogen is concerned, is indistinguishable from para- 
nuclein 


SUMMARY 

1 The carbon, hydrogen, and nitrogen contents of paranuclein, 
Paranuclein A and the synthetic substances produced by the 
action of concentrated pepsin upon the products of the complete 
peptic hydrolysis of casein have been determined 

2 Paranuclein and Paranuclein A are indistinguishable from 
one another in their content of carbon, hydrogen and nitrogen 
They differ from the majority of proteins, and very markedly 
from the coagu loses and plasteins by their low content of carbon 

3 The synthetic product obtained by the action of concen- 
trated pepsin at 60° to 70° upon the Mnconcentmtcd products of the 
complete peptic hydrolysis of casein is identical, in its carbon, 
hydrogen and nitrogen content, with paranuclein and with Para- 
nuclein A 

4 The synthetic product obtained by the action of concentrated 
pepsin at 3G° upon the concenirated products of the complete pep- 
tic hydrolysis of casein differs, in three preparations examined, 
from paranuclein in its somewhat higher carbon content Eea- 
sons are advanced in favor of the belief that this is attributable to 
contamination of the product, incident upon its method of prep- 
aration 



CONTRIBUTIONS TO THE THEORY OF THE MODE OF 
ACTION OF INORGANIG SALTS UPON 
PROTEINS IN SOLUTION 

Bt T BR\ILSF0RD ROBERTSON 

(From the Rudolph Spreclels Physiological Laboratory of the University of 

California ) 

(Received for publication, March 27, 1911 ) 

It was pointed out by Hardy' m his exhaustive communication 
on globuhns, that the precipitation of proteins and, indeed, of 
colloids in general, may be of two kinds The first is clearly 
accompamed by decomposition of the precipitating agent it 
wiU not occur, as Pauh has demonstrated,® unless the protem is 
m some proportion lomc, and relatively small quantities of the 
precipitatmg agent are required to bnng about the precipitation 
The second kind of precipitation however, whether accompamed 
by decomposition of the precipitating agent or not (and data on 
this head are lacking), occurs even when the protem is non-iomc 
and requires relatively large amounts of the precipitatmg agent 
Precipitation of the first kind is, generally speakmg, only brought 
about by electrolytes, while precipitation of the second kind, al- 
though, as a rule, more readily brought about by electrolytes than 
by non-electrolytes, may nevertheless be brought about by non- 
electrolytes, for example bj' alcohol 
For this latter type of precipitation we shall henceforth, when- 
ever possible, reserve the term coagulation ® 

Both precipitation and coagulation of a protem may be brought 
about by one and the same inorganic salt In such a case the grad- 

B Hardj Journ of Physiol , xxxin, p 251, 1905 
U Pauh Hoimeister'a Bcilrage, vii, p 331, 1906 
‘Much confusion exists m the literature of this subject on account of 
the fact that the distinction between the precipitation oi a protem through 
chemical interaction with the added salt, and its coagulation through the 
change in the nature of the soUent resultmg from the further addition of 
salt, has not m\ ariablj been recognized 
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ual addition of a salt to the original salt-free solution ■which con- 
tains ionic protein (^ e , protein -which drifts to one electrode or to 
the other in an electric field) first brings about precipitation and 
then resolution of the protein In this new solution the protem 
IS, according to Hardy, non-ionic and can be coagulated by still 
further addition of the salt 

The first kind of precipitation appears to be undoubtedly chem- 
ical in character and mechanism The active agent m bringing 
about the precipitation of electro-negative colloids, ze, of coUoids 
which tmgrate to the anode, is the cation of the added salt, that 
m bringing about the precipitation of electro-positive colloids 
IS the amon ^ 

Protem behaves m acid solution like a cation and amons render 
it insoluble In alkahne solution it behaves hke an amon, migrating 
to the anode, and cations render it insoluble The rate of pre- 
cipitation IS proportional, other things being equal, to the mole- 
cular conductivity of the added salt, z e ,to the active mass of the 
precipitating ion ^ The precipitation of colloids by small quan- 
tities of salts IS accompamed by decomposition of the precipitat- 
ing agent,® the precipitating ion being bound by the colloid and 
carried down -with it, different ions being bound and replaceable by 
one another in equivalent proportions The valency of the pre- 
cipitating ion IS, as IS well kno-wn, of great importance in determin- 
ing the rate of precipitation, the velocity of precipitation by mono- 
di- and tnvalent ions respectively being m the proportion I x x'’ 

The mechamsm of coagulatzon is far from clear The investi- 
gations of Hofmeister'* and of Pauli,® however, have shown that 

iHana Schultze Journ f prakl Chen , xxv, p 431, 1882, xwi, p 320, 
1883, Frost Bull Acad Roy Set de Belq , (3) xiv, p 312, 1887, S E 
Linder and H Picton Chem Journ , Hi, p 137, 1892, W B Hardy, Proc 
Roy Soc , London, Ixvi, p 110, 1900 

*Hardy loc ett 

‘Linder and Picton loc cit Whitney and Ober Zeitschr f physikal 
Chem , xxxi\, p 630, 1902 

‘Hofmeister Zeilschr f anal Chem , xx, p 319, Arch f exper Path 
u Pharm , xxiv, p 247, 1888, -sxv, p 1, 1888, xxvii, p 395, 1890, xxvui, 
p 210, 1891 Kauder Ibid , x\, p 411, 1886, Pohl Ibid , xx, p 426, 1886, 

Le-with Ibid,xxiv,p 1,1888 o,- ,onn 

»Pauli Arch f d ges Physiol Ixxi, p 333, 1898, Ixxvin, P 315, 1899, 
Beitr z chem Physiol u Path , m, p 225, 1903, v, 27, 1901, vi, p 233, lOOo, 
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dehydration of the dissolved protein plays an extremely important 
part m brmging about this phenomenon The salt appears to 
coagulate the protein by competmg voth it for water, m other 
words by diminishing the active mass of the solvent It has been 
shown by Pauh that the solvent or coagulating action of salts upon 
protem is an additive effect of their ions The cations induce 
the coagulation of electro-negative protem (i e , of protem which 
behaves electncally like an acid^) m the followmg order, the most 
effective bemg placed first, the least effective last 

Li >Na >K >NH* >Mg 

while amons inhibit the coagulation of electronegative protem m 
the order — 

CNS > I > Bt > NOj > Cl > Acetate > SOi > F 

and the order of efficacy of the different cations m bnngmg about 
the coagulation of electro-negative protem is the order of the efficacy 
in dimmishing the solubfiity of phenylthiocarbamid * 

For electro-positive protem, as Postemak® first showed, the 
senes is exactly reversed Those 10 ns which coagulate the electro- 
negative protem most energetically most strongly inhibit the 
coagulation of electro-positive protem, while those which most 
strongly inhibit the coagulation of electro-negative protem are the 
most powerful precipitants of electro-positive protem 
Hofmeister (1890-1891) showed that the power of morganic 
salts to inhibit the takmg up of water by plates of gelatm runs 
parallel with their power to coagulate solutions of gelatm, while 
Pauh showed that those salts which coagulate gelatm most 
powerfully m strong solutions, m weaker solutions lower the tem- 

vu, p 531, 1906 Pauh and Rona Bwchem Zeitschr u, p 1, 1902, Pauh 
and Samec, Ihid , xvii, p 235, 1909, Pauh and Handovski Biochem 
Zeitschr , svui, p 340, 1909, xxiv, p 239, 1910, Pauh and Wagner Ibid , 
xxvri, p 296, 1910 

‘J Loeb Unw of Calif Publ , Physiol , i, p 149, 1904 
‘Rothmund Zeilschr f physik Chem , xrau, p 401, 1900, Rothmund 
and Wdsmote Ibid , xl, p 611, 1902, Euler Ibid , xxw, p 360, Pauh 
Beilr z chem Physiol und Path , lu, p 225, 1903 

•Posternak Ann d VInslilul Pasteur, xy, pp 83, 169, 451, 570, 1901, 
Ci also Pauh loc cit and Hober Beitr z chem Physiol und Path xi » 

It; lorrr i K 
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perature of gelatmization while those salts which coagulate egg- 
globulin most powerfully also lower the temperature of heat- 
coagulation most markedly A very striking proof of the fact 
that the solution of proteins by water is accompamed by a bind- 
ing of water by the protein is that afforded by the investigations 
of Pauli andSemec who have shown that the presence of proteins 
in water considerably lowers the solubility of difficultly soluble 
inorgamc salts 

The influence of valency upon the coagulating power of ions would 
appear to be much less pronounced than its influence upon their 
piecipitahng power, since magnesium resembles the alkalies 
closely in its coagulative power, while hthium approaches the 
alkahne earths 

The influence of added salts of the alkahes and magnesium upon 
the precipitation of proteins by heavy metals vanes with the 
concentration of salt employed (Pauli) At low concentrations 
(0 005m) the salts inhibit precipitation m the order 

SO4 < Cl < CsHaO < NO, < Br < I < SON 

while in high concentrations (4m) they encourage precipitation (or 
coagulation) in the order 

SOi > Cl > CjHjO > NO, > Br > I > SON 

This IS simply a particular instance of the general rule that the 
salts may act as precipitants and as coagulants at low and at 
high concentrations respectively, acting as solvents at intermediate 
concentrations The heavy metal salts afford no exception to 
this rule At low concentrations they precipitate, at higher con- 
centrations they dissolve and at still higher concentrations they 
coagulate the proteins of egg-white (Pauh) The concentration- 
range throughout which the salt acts as solvent may be evanescent 
however, as it is in the case of silver nitrate acting upon egg-albu- 
min 

The very important observation has been made by Paulfl that 
absolutely electrolyte-free egg-albumin is not ionic (i e , does not 
drift m an electric field) and that under these conditions it is not 

iPauh Beitr z chcrn Physiol uiid Path , vii, p 331, 1906 
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precipitable by heavy metals It is, however, coagulable by highly 
coacentrated salts ^ 

According to Pauh and Handovsky- the number of lomzed pro- 
tein particles m a solution of lomc protein is dimimshed by the 
addition of salts, at the same time the viscosity of the solution 
diminishes and the coagulabihty of the protem by the usual coag- 
ulatmg agents is increased When salts are added t6 a solution 
of electro-positive protem (i e , protein combmed with acid) an 
increase in the acidity of the solution results, but when they are 
added to a solution of electro-negative protein (i e , protem com- 
bmed with alkah) no increase m the aUcalmity of the solution 
can be detected ^ They beheve that acid-protem reacts with 
salts as follows 





•H 


+ NaNO, = R<^ 

^COONa 


Cl 


-f* B[NOj 


while alkali-protein reacts as follows 




/NH. 




■Nr 


•K 


+ KCl = R< 


COONa 


"Cl 

"COONa 


This hypothesis it will be observed, mvolves the assumption 
that the proteins combine with acids and bases through the agency 
of terminal -NHa and -COOH groups The results of experi- 
ments which I have earned out dunng the past two years, •* however, 

'Egg-albumm xa nearly equally basic and acid It 13 possible, indeed, 
probable that pronouncedly acid or basic proteins, if soluble at all m the 
free condition, are also ionized 

~Lac cit , also Pauli and Wagner foe cit 
•Hardj, dourn of Physxol , xxxiii, 1905 

‘Studies in the Electrochemistry of the Proteins, Journ of Phvsioal 
Chem , 1909-1911 “ 



3o 8 Action of Salts upon Proteins 

on the electrochemistry of the protein salts have convinced me that 
this, the commonly accepted view of the mode of combination of 
proteins with acid^ and bases, must be abandoned and that the 
combination of proteins with morgamc acids and bases is, in real- 
ity, accomplished m quite a different manner This necessarily 
mvolves a corresponding modification of Pauh's hypothesis 


THE MODE OP POKMATION AND IONIZATION OP THE COMPOUNDS 
OP PROTEINS WITH INORGANIC ACIDS AND BASES 

The investigations of Emil Fischer and of Kossel have shown us 
that the proteins are bmit up from anuno-acids linked up m a 
catenary manner, and have demonstrated that the mode of link- 
age IS expressed by the formula, -COHN- 
By methods which are too well-known to require description here, 
Fischer has succeeded in buildmg up chains of amino-acids linked 
together in this manner which he terms “polypeptids,” many of 
which exhibit characteristic properties of the peptones, such as 
precipitability by ammomum sulphate, digestibihty by tryp- 
sin, etc , and some of which have been found to occur in incom- 
plete protein digests as intermediate products of hydrolysis 
These polypepti^s and, presumably, the proteins, are as essen- 
tially amino-acids as the amino-acids out of which they are bmlt 
up Thus glycyl-glycin, NH2 CH 3CO NH CHa COOH, is as 
t3q)ically an amino-acid as glycocoU itself (NHo CHa COOH), since 
it possesses an -NHa group as well as a -COOH group, and hence 
IS capable of forming compounds both with acids and with bases 
On undergoing electrolytic dissociation it may be supposed to 
yield either hydrogen (H+) 10ns, or hydrox-yl 10ns, owing to the 
occurrence of a reaction with water of the type — 

/NHi /NHiOH 

R<^ 4- HiO = 

^COOH ^COOH 

just as ammoma, in solution, partially reacts with water to form 

NH4OH 

It 13 usually conceded that these elements in the structure of 
the proteins afford an explanation of the power which they possess 
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of neutrahzing both acids and bases, the “amphotenc” character 
of the proteins To this opinion I have also formerly mchned, but 
an accumulation of data irreconcilable with this vieiv have mduced 
me to abandon it The weight of evidence appears irresistible 
that some elements in the protein molecule other than terminal 
-NHj or -COOH groups are responsible for the acid- and base- 
neutrahzing power which is possessed m such a marked degree 
by many proteins 

In the first place the mvestigations of Levites^ have shown that 
only a very small proportion of the mtrogen m proteins is present 
withm their molecules m the form of -NHs groups, and even his 
estimates of the -NHj mtrogen are probably in excess of the true 
values - Now edestm, as Osborne has shown,’ is insoluble, when 
m the free condition, in water It forms an insoluble hydro- 
chloride contaimng 14X10“’ equivalents of HCl per gram and, 
on further addition of acid, passes mto solution Its combinmg 
capacity for acids does not remam constant, however, for at neutral- 
ity to tropaeolm, which corresponds* to a reaction of from 0 01 
to 0 001 X H+, it neutralizes 127 X 10“’ eqmvalents of acid per 
gram Hence, if the acid is neutralized by the -NHi groups of 
edestm, the number of these groups’ must be at least ^ = 9 
From the former detemunation, it would appear that the mole- 
cular weight of edestm is 7000, and this corresponds with the 
molecular weight mdicated by its tyrosm and glutamic acid con- 
tent’ (— I mol tryosra + 3 mols glutamic acid -h ) Nme -NHt 
groups m this molecule would correspond to over tea per cent of 

‘Levitea ZeitscAr / ■physiol Chem , xhu, p 202, 1904, Biochem Zeilachr , 
XX, p 224, 1909 

‘Emil Fischer Vniersuchungen tiber Amtnosauren, Polypeptide und Pro- 
teine, Berlin, 1906, p 52 

‘T B Osborne Joum Amer Chem Soc , xxi, p 4S6, 1899, Zeilschr f 
physiol Chem , xxtm, p 240, 1901 

<Salm Zeitsckr f physikal Chem , Ivu, p 471, 1907 

‘Osborne believes that an insoluble ‘‘monochlorhydrate,’ 13 also formed, 
containing 7 X 10~’ eqmvalents of acid per gram, which would raise 181 a 
number to 18, but would, at the same tune, double the estimate of the mole- 
cular weight 

‘Kossel and Patten Zeilschr f physiol Chem , xxxvui, p 39, 1903 
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the total nitrogen ^ From the investigations of Erb,- although 
the exact interpretation which is to be placed upon his results 
IS not perfectly clear, it would appear that the combining-weight 
of egg-albumm for acids may be as low as 152, while its molecular 
weight IS, according to Hofmeister, 5400 or some multiple of this 
Hence, upon the assumption that terimnal -NHo groups bind the 
acids, there must be at least 35 of them in egg-albumin,* which 
would correspond to no less than 69 per cent of the total nitrogen 
in this protein 

The number of terminal — COOH groups cannot be much in 
excess of the number of terminal — NHi groups, since the protein 
would otherwise be overwhelmingly acid in charactei'* and the 
majority of the proteins possess a distinct capacity for neutiahzmg 
acids, even when they are themselves predominantly acid Now 
free casein® is insoluble m water, but when combined with acids 
or with bases it is soluble To carry 1 gram of casein into solu- 
tion 114X10“® equivalents of base just suffice, indicating a mole- 
cular weight, for the casein, of about 8800 or a multiple of this 
The tyrosin, glutamic acid and sulphur contents of casein indi- 
cate a mimmal molecular weight of from 4000 to 4400 In the 
presence of excess of base, however, casein attains a maximal 
combimng-capacity (measured by the gas-cham) of 180 X 10“® 
equivalents per gram, so that it behaves like a 16-basic acid, and 
if-COOH groups bind the base there must be 16 of them m the 
molecule, corresponding to 25 per cent of the total oxygen or, 

*Or almost exactly to the — NH- content of thearginin, calculated as the 
free diamino-acid, which the edestin molecule contains Kossel (Zcitschr 
f phjsiol Chem , \\v, p 105, 1898) attributes the basic properties of pro- 
teins to their content of hexone base, and to this view electrochemical data 
lend very decided support Edestin contains 11 7 per cent of arginin, but 
only insignificant amounts (1 0 per cent and 1 1 per cent respectively) 
of lysin and histidin As at least one of the — NHj groups of the arginin is 
almost certainly present in the protein molecule in the iinino form, it is 
highly improbable that the acid is neutralized by terminal ammo groups 
supplied by the arginin 

’Erb Zeitschr f Biol , xli, p 309, 1901 

’Gustav hlann Chemistry of the Proteids, London, 1906, p 1 17 

’Hofmeister Ergeh d Physiol , I, Abt I, 1902 

’T Brailsford Robertson Journ of Physical Chem, xiii, p 469, 1909, 
XIV, p 528, 1910, etc 
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almost exactly, io the number of -CODE groups contained in the 
glutamic acid radicals in the casein molecule, calculated for the free 
acid In order to provide so many free carboxyls the form of the 
casein molecule would have to be that of a branched cham, or the 
radiatmg spokes of a wheel, at the centre of which must exist 

1 1 

umons of the type — G — C — and the regular decomposition of 

this protem mto its constituent ammo-acids, upon hydrolysis, 
would be umntelhgible Moreover, m the synthetical polypeptids, 
which closely resemble the natural peptones in their behavior, the 
linkage of the amino-acids is not radial but catenary in character^ 
and the peptids which have been isolated from the mixed products 
of partial protem hydrolysis are likewise catenary m structure 
To account for the high acid- and base-combinmg capacity of 
the proteins we must therefore look to some other pomt m the 
molecule than terminal -NHj or -COOH groups The pomt of 
umon -C-N-C- immediately suggests itself The type of this 
umon which occurs in the polypeptids and, presumably, m the 
proteins is either -CO NH- or -C(OH)==N- between which, the 
keto- and the -enol forms, synthetical data do not suffice to 
decide ^ 

Accordmg to Werner's theory of valencies the nitrogen m either 
of these iimoas contains two latent valencies, positive and nega- 
tive, which, while the mtrogen is tnvalent, neutrahze one another 
internally, but which, when the mtrogen becomes pentavalent, 
are capable, respectively of neutralizing a negative or a positive 
radical The second of the above types of umon (the -enol form) 
cames with it the possibihty of the following types of reactions 

H 

- COH=N- + Na+ + OH' = - CONa++ + "N - 

1 

OH 


‘Even when dicarboxylic acids enter into the compound Cf Emil 
Fischer and Ernst Koenigs Ber d d chem Ges , xxxm, p 45So, 1904, 
Emil Fischer and Juhus Schmidlm Annalen der Chem , cccxl, p 123, 1905 
=Cf Aders Plnmner The Chemical Conelilulion of the Proteins, London 
1908, part 2 
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and — 

H 

- COH=N- +H+ + C1'= -COH++ + "N- 

I 

Cl 

yielding, in each case, only protein ions ^ 

In a communication which will appear shortly- it will beshoivnm 
greater detail that this hypothesis regarding the mode of union 
between the proteins and bases and acids is supported by, among 
others the following facts — 

(1) The compounds which the proteins form with acids and 
bases, when dissolved m water, aie excellent conductors of elec- 
tricity and true electrolytes ^ yet they do not 3 aeld chlorine ions 
when, for example, the compound m question is a hydrochloric 
acid compound,"* nor do the potassium hydrate compounds yield 
potassium ions, or the calcium hydrate compounds calcium ions ® 
The eqmvalent conductivities of the compounds at infinite 
dilutions are such as would indicate the presence of hulky organic 
ions, travelling under a unit fall of potential at the constant min- 

^Electrochemical data show that, in reality, dicarboxylic acid groups 
yCOH N- 

of the type are the active agents in neutralizing bases, while 

^COH N- 

yN HOC- 

diamino-acid groups of the type are the active agents in neu- 

HOC- 

tralizing acids Both — COH N — groups of the carboxylic acid or dia- 
mmo-acid radical must therefore be opened up before ionisation can occur 
The above formulae should therefore be doubled But since this fact does 
not essentially affect the application of this hypothesis to the precipitation 
and coagulation of proteins by salts, for simplicity of representation I 
only depict one of the two —COHN— groups which are actually involved 
^Studies in the Electrochemistry of the Proteins, Part 7, Journ of Phys- 
ical Chem , 1911 

‘Cf Sjoquist Skand Arch f Physiol , v, p 277, 1S94, T Brailsford 
Robertson Joum of Physical Chem, xi, p 512, 1907, xii, p 473, 1908, 
XIV, p 528, 1910 etc also Billitzer ^Inn d Physik , cccxvi, pp 902, 937, 1903 
^Bugarszky and Liebermann Arch f d ges Physiol , Kxii, p 51, 1898 
5T Brailsford Robertson loc cit 
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imal equivalent velooity^ of 20 X 10~® cm per sec at 30® wiucli is 
charactenstic of such 10 ns ® 

(2) Edestm will displace NaOH from its combination with 
hydrochloric acid* and casern, althougji insoluble m water, will 
displace carbomc acid from its combination with calcium hydrate * 
Solutions of the casemates of the bases may be obtamed which are 
pronouncedly acid m reaction® and which do not alter in composi- 
tion, i e , undergo hydrolytic dissociation, upon dilution Smce m 
all these cases the molecular concentration of the proteins is very 
low, and the compounds which are formed are quite highly elec- 
trolytically dissociated, were the formation of these compounds due 
to the replacement of OH' groups m — NH 3 OH groups by acid 
radicals or of groups m — COOH groups by bases, then the 
“strength,” i e , degree of dissociation of edestm as a base must 
be greater than that of NaOH, while that of casern as an acid 
must be much greater than HjCOa and comparable with the degree 
of dissociation of NaOH at very high dilution Such conclusions, 
apphed to bodies which are amphoteric are, of course, absurd "Were 
the formation of potassium casemate due to the formation of a 
salt such as R-COO' K+, an acid solution of this compound 
could no more exist than an acid solution of potassium alummate 
As m similar cases which occur m the domam of morgamc chemis- 
try, we can mterpret these phenomena only by assummg that the 
basic radical in the casern compound and the acid radical m the 
edestm compound are bound up in a non-dissociable form Smce 
the casein compounds, at least, when m solution m water, are not- 
able conductors of electncity, they must dissociate at some other 
point in the molecule than that of theimion between the base and the 
protein The fact that the composition of protein salts is indepen- 
dent of the total dilution of the system and dependent only upon 
the relative masses of protein and acid or base is attributable to the 
fact that water does not enter into either of the equations given above 


‘That 13, velocity per umt valency 
‘Bredig Zeitschr f physi) al chem , 'an, p 191, 1894 
*T B Osborne Joum Amer Chem Soc , xxi, p 4S6, 1899, Zeitschr f 
physiol Chem , xxxiii, p 240, 1901 

*W A. Osborne Journ of Physiol , xsvu, p 398,1901 

‘T Braiisford Robertson Joum of Physical Chem , xiv, p 528, 1910 
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(3) Each equivalent of a mono-acid base neutralized by serum 
globulin or casein yields two equivalents of the protein compound, 
and, in the presence of excess of acid, each equivalent of a mono- 
basic acid neutralized by ovomucoid also yields two eqmvalents 
of the protein compound ^ This obviously corresponds with the 
mode of dissociation depicted above, while if terminal — NH 2 or 
— COOH groups accomplished the union each eqmvalent of neu- 
tralised acid or base would produce only one equivalent of salt 

(4) On successive addition of 1, 2, 3, etc eqmvalents of mono- 
acid bases to a solution of an orgamc polybasic acid of the t 3 q)e 
R (COOH)„ and the formation of salts by the replacement of H 
atoms in the —COOH groups, the osmotic pressure of the solution 
would increase (provided the salts were highly dissociated) in the 
arithmetical proportion 2 3 4 etc The experimental fact, for 
casein, is that the osmotic pressure ( = depression of the freezing 
point) increases in geometrical proportion, i e , each successive 
equivalent of neutralised base or acid gives rise to the same num- 
ber of ions This obviously corresponds with what would be 
expected were the union and its mode of dissociation of the type 
outlined above 

(5) It has been pointed out by Vernon- that although the 
power of the sum of the decomposition-products of a protein 
to neutralize bases is somewhat, yet it is only very slightly 
greater than that of the unhydrolyzed protein Now mthe pro- 
cess of hydrolysis the -COH N- groups of the protein are spht 
into -NH 2 and -COOH groups, yet this results m no pro- 
nounced gain of combi mng-capacity for bases The obvious con- 
clusion is that the -COH N- groups within the protein molecule 


■Combined with less acid /owr equivalents of protein salt result from 
the neutralization of one equivalent of acid This is due to the formation 
of 10 ns of the type — 

H Cl 


X/ 



/\ 

H OH 


sH M Vernon Journ of Physiol , \\\i, p 346, 1904 
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must be nearly as efficient in accompUshmg the neutrabzation 
of bases as the -jCOOH groups of the constituent ammo-acids 
out of which the protem is built up 
In addition to these, a host of mmor details m the behavior of 
the protem salts, which would be very hard to explam upon any 
other basis, admitof a simple explanation on the basis of thehypoth- 
esis outlmed above 

The poly-ammo acid structure of the proteins, however, carries 
with it other possibihties which are of importance m mterpretmg 
their behaviour towards precipitatmg and coagulatmg agents 
The termmal — NH* and — COOH groups (and at least one of 
these must exist at either end of a cham of ammo-acids) may neu- 
tralise themselves internally, thus H3N — E, — COO formmg 

I I 

what Winkelblech terms an “mtemal salt Such a molecule, 
whatever the mode of muon, is of course, not able to form dis- 
sociated salts with acids or bases until the rmg formation is opened 
up The mtemal salt formation may go a step further with the 

/NH 

formation of anhydrides such as | , such anhydride forma- 

\)0 

tion bemg frequently observed m the polypeptids Then two 
molecules of an ammo-acid and, therefore, of a polyamino-acid 
such as protein, may mute with one another m either of two 
ways, thus 


/NH, HOOC\ /NH OC R NHj 

R< + )>R = RC + H,0 

Ndooh N:ooh 


/NHi HOOC\ /NH OCv 

-b ^R = R<' >R -l-2HsO 

^COOH HiN'^ ^CO HN^ 


the product bemg, in the first instance, a polyammo-acid of a 
higher order and greater molecular weight, and m the second an 
— “internal salt” or anhydnde - 


'Winkelblech Zcilschr f physiK Chem , xxnv, p 564, 1901 
'Analogous to leucj 1-glycm anhydride 
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THE CHEMICAL MECHANICS OP THE PKECIPITA'^ION AND COAG- 
ULATION OP PROTEINS BY SALTS 

W e have seen that in order that 'precipitation of a protein by salts 
may occur the protein must be lomsed, but for coagulation this 
condition is not requisite In determimng the rate of precipitatioa 
the valency of the precipitating ion is of prime importance, m 
determining the rate of coagulation it is of comparatively subordi- 
nate importance For precipitation very Ioav concentrations of the 
precipitating salt suffice, for coagulation high concentrations of 
the salt are required This latter fact, and the fact that the pres- 
ence of coagulating salts aids coagulation by alcohol and by heat 
suggests, as it did to Hofmeister, that coagulation is dependent 
upon dehydration of the protein 

Starting from the observation of Jones and Ota^ that certain 
salts, when dissolved in water, produce an abnormal depression of 
the freezing-point, Jones and his pupils have built up a very large 
body of evidence for the existence of hydrates (or "solvates”) 
of substances in solution, of this evidence a general review will be 
found in a recent paper by Jones ^ These investigators find that 
both ions and undissociated molecules can form “solvates” and that 
these hydrates or “solvates” are readily decomposed at tempera- 
tures which approach the boiling-point of the solvent and by the 
presence of other agents in the solution which compete for the sol- 
vent ® An interesting attempt has been made, upon the basis of 


G Jones and Ota Amer Chem Journ , x\u, 1899 
*H C Jones Zeilschr f ph7j3ik Chem , Ixxiv, p 325, 1910, cf also Wald- 
en Trails Faraday Soc , vi, p 71, 1910 

*A very striking experiment illustrating the formation of "solvates” 
IS that cited by Pickering {Ber d d chem Ges , \xiv, p 3639, 1891) 
If a mixture of propyl alcohol and water be placed in a semipermeable 
vessel and surrounded with water, it is found that water enters the cell, 
but that no propyl alcohol escapes If, however, the same semipermeable 
vessel, containing the same mixture of alcohol and water be immersed m 
propyl alcohol, propyl alcohol enters the cell and water does not leave it 
In other words the vessel is permeable to either propyl alcohol or water 
when these are pure, but it is impermeable to a mixture of the two, the in- 
ference being that large molecular complexes are formed on mixing these 
reacents, which cannot pass through the pores of the vessel From these 
and similar experiments Poynting {.Phil Mag , xlii, p 298, 1890) concludes 
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this hypothesis, to explain the color changes which many salts 
undergo m the presence of varying amounts of water or of dehy- 
drating agents’' As is well known, anhydrous cobalt chloride is 
blue, but on taking up water it becomes violet or red Ostwald- 
beheved that the undissociated cobalt chlonde is blue, while the 
cobalt ion IS red Since, however, the color of a concentrated solu- 
tion of cobalt chlonde can be changed from purphsh-red to blue 
by the addition of small amounts of calcium, or still smaller amounts 
of alumimum chlorides, or by the addition of a few drops of alcohol’ 
Lewis concludes that this change m color is due to dehydration of 
the cobalt chlonde molecule in solution, by the abstraction of 
water from it by the added substance Similar conclusions had 
previously been reached by other observers ’ 

Similarly the progressive change m color of cupnc chlonde solu- 
tions, from blue to greemsh brown, on concentration or dehydra- 
tion IS attnbuted to the loss of water on the part of cupnc chlonde- 
water complexes Lewis finds that if vanous bromides be added to 
concentrated solutions of cupric broimde the copper salt is dehy- 
drated (turned brown) by the salts of monovalent metals in the 
order la > (Na, NH*) > K For the chlondes the order was Li > 
Na>NH*>K Divalent metals dehydrate more strongly, the 
order bemg Mg>Ca>Gr>Ba while tnvalent metals (Al) act 
still more energetically In opposition to this view Donnan’ 

that osmotic pressure is an expression of the diminution m the active mass 
of the solvent due to the formation of compounds with the dissolved sub- 
stance 

C Jones and Uhler Amer Chem Joum , xxxix, p 291, 1905, rsxvn, 
p 126, 1907, H C Jones and Anderson Ibid , p 163, 1909, H C Jones 
and Strong Ibid , xlm, pp 37 and 224, 1910, G N Lewis Zntschr f physif 
Chem , hi, p 224, 1905, Ivi, p 223, 1906, H C Jones and Anderson Cor-* 
negie Inst Publ 110 

’Wilh Ostwald Grundlmicn d anorg Chem , p 620 

*Babo Cf Jahresber d Chem , 1857, p 72 

•Russell Proc Roy Soc Land , xxxii, p 258, 1881, Potilitzin Ber d d 
chem Ges , xvii, p 276, 1884, Bull soc chim , (3) vi, p 264, 1891, Wyrouboil 
jBuI! soc ch\m (3) v, p 460, 1891, p 3, vi, 1891, LeChatelier Bull soc 
chtm (3) vi, p 84, lS91,Hartle> Trans Roy Soc Dublin, u, 7 p 253,1900, 
Joum Chem Soc , 83, p 401, 1903 

‘Donnan and Basset Journ Chem Soc , bcsxi, p 942, 1902, Donnan 
Zeilschr f phystl Chem , liii, p 317, 1905, Cf also iL Lewin Ibid , n, 
p 513, 1906, Moore Ibid , Iv, p 641, 1906, Denham Ibid Isv o W 
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advances the hypothesis that the blue color of concentrated solu- 
tions of cobalt chloride is due to the formation of complex anions 
of the type C0CI2 GI2" Lewis points out, however, that this view 
IS inconsistent with the fact that it is possible to change the color 
of the solution from blue to red by mere dilution, without altering 
the active mass of any component of the system except water 
Other objections against Donnan’s view have been urged by Hartley 
and by H C Jones 

The pecuhar interest to the biological chemist of the possibility 
thus indicated, that substances dissolved m water form loose com- 
binations with the solvent, lies in the especial significance of water 
in relation to the protein and polypeptid structure As indicated 
above, dehydration of a protein may result in the following 
reactions — 

/NH,OH HOOCk /NHa OOC R NHaOH 

R< -1- )>R = R<( +HjO 

^cooH HOH,N/ N:ooh 

/NHa OOC R NH,OH /NH OC R NH,OH 

R<^ = R^ -h H2O 

\C00H ^COOH 

/NH OC R NH,OH /NH OC R NH, 

R^ = R^ J-HjO 

\C00H ^COOH 

/NH OC R NH, /NH OC R NH 
R< = R<; I +H,0 

^COOH ^CO ' 

and hydration, of course, may result in the reversion of this series 
of changes 

That proteins may be thrown out of solution m the very differ- 
ent conditions of hydration is evident from the researches cited 
in the earlier part of the paper, it is even more clearly shown by the 
following experiments — 

Anhydrous casein dissolves readily in cold anhydrous^ formic 
acid, still more readily in hot formic acid If, to a 2 per cent solution 

lAnhydious, that is, save for traces of moisture derived from the atmos- 
phere 
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of casein in formic acid, we add a fairly concentrated solution of 
cupnc chlonde the mixture is at first green, indicatmg the presence 
of lower hydrates of cupric chlonde, but on addmg more of the solu- 
tion it becomes blue, and simultaneously with the appearance of 
a pure blue color, but not before, precipitation of cupnc caseinate 
occurs If to 5 cc of a 2 per cent solution of casern in formic acid, 
we add 1 5, 2 0 or 2 5 cc of a saturated solution of cupnc chlonde, 
no precipitation of the caseinate occmrs but on diluting this mixture 
with water a precipitate results, and the appearance of this precip- 
itate comcides with the attainment of a clear blue color on the 
part of the mixture 

About 6 cc of water are required to produce a permanent pre- 
cipitate This precipitate redissolves on heatmg and the mixture 
simultaneously becomes green, on coohng the blue color reappears 
and with it the precipitate If formic acid be added to the mixture 
the precipitate redissolves as soon as the mixture becomes green 
If the precipitate be very shght it will redissolve on addmg alcohol 
It cannot be urged that the formation of the cupnc caseinate 
requires the presence of a sufficient concentration of cupnc ions, 
because green solutions of cupnc chlonde contam an abundance of 
10 ns,' and casein will react with very small amounts of metal 10 ns, 
for although it is itself insoluble, it will dnve carbomc acid out of 
the spanngly soluble calcium carbonate to form a freely soluble 
casemate of calcium 

If, instead of addmg water to a mixture of 5 cc of 2 per cent casern 
in formic acid and 2 cc of saturated CuClj, we add alcohol, no 
coagulation occurs until the mixture changes m color from green to 
brown when a coagulum of cupnc casemate is produced which 
redissolves on adding water 

Similar results are obtamed when a 2xi solution of cobalt chlo- 
ride IS employed instead of a saturated solution of cupnc chlonde 
If to 5 cc of a 2 per cent solution of casern m formic acid we add 

'Green solutions containing, probably, a mixture of the anhydrous brown 
salt and the fully hydrated blue salt Even on the basis of the hypothesis 
urged bjf Donnan (Cf above), therefore, a considerable number of cupnc 
ions must exist m green solutions It is important to notice that precipi- 
tation, as stated above, does not occur until the solution is pure blue m 
color, mixtures so slightly green that they appear wholly blue until viewed 
alongside a pure blue mixture produce no precipitate 
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2 to 3 cc of 2m C 0 CI 2 we obtain a blue-purple solution, on adding 
water to this mixture it changes in color from blue-purple through 
red-purple to clear pink Not until a pure pink color is obtained 
does a precipitate result If, instead of adding water we add a 
very considerable volume of alcohol (10 volumes) the mixture 
rather abruptly changes to a clear pale blue and then, but not be- 
fore, we obtain a coaguluni of cobalt casemate 

Electro-negative casein is not precipitated by the salts of the 
alkalies, though it is readily precipitated by salts of the alkaline 
earths Electro-positive casein (^ e , casein dissolved m acids) is, 
however, very leadily precipitated by salts and these precipitates 
are not soluble upon dilution Thus if 2 cc of -n- HCl be added to 
5 cc of a 1 per cent solution of casein m 0 008 n KOH, a clear 
acid solution of casein results The casern is precipitated from this 
by the addition of four drops of a saturated solution of sodium 
chloride, or by one drop of a saturated solution of ammomum sul- 
phate, this latter precipitate does not dissolve on diluting the mix- 
ture sixteen times 

Casein formate is no exception to the other salts which casein 
forms with acids, but the 'precipitation will only occur in the pres- 
ence of a sufficiency of water If to 5 cc of a 2 per cent solution 
of casein we add a saturated solution of ammonium sulphate, 

3 cc of this solution just suffice to produce a coagulum, this be- 
comes more abundant on adding water, and redissolves on adding 
formic acid If, however, instead of 3 cc , we add 2 cc of the sat- 
urated ammomum sulphate solution, a clear solution is obtained 
On adding water to this a precipitate results which redissolves on heat- 
ing and reappears on cooling If, instead of adding water we add 
alcohol, 5 cc suffice to produce a voluminous coagulum which re- 
dissolves on adding 5 cc of watei , but on adding 10 additional cc 
of water the protein is thrown out of solution again 

Analogous results may be obtained with ovomucoid 

It IS clear, therefore, that protein may be thrown out of solution 
by electrolytes in two grades of hydration, the one of high, and the 
other of very low hydration The former process is what we have 
termed precipitation, the latter we have defined as coagulation 
At grades of hydration intermediate between the extremes the pro- 
tein may be soluble Dehydration, partial or complete, leading 
to resolution or coagulation may be induced by heat, by non- 
electrolytes possessing an affimty for water or by electrolytes 



T Brailsford Robertson 


321 


The importance of a high degree of dehydration m the produc- 
tion of coagula irresistibly suggests that this phenomenon is depend- 
ent upon the formation of anhydrides* analogous to leucyl-glycm 
anhydride and of the general formula 



Such bodies may exist either in the -keto form, illustrated by the 
above formula, or in the -enol form, such as 

/N (HO)C\ 

^C(OH) 

If this be granted then the fact that alcohol throws down the pro- 
tein salts in an unaltered condition- lends strong support to the 
views which I have advanced regardmg the mode of formation and 
structure of the protein salts, smce accordmg to that view the 
metal 10ns in a protem-metal compound are, previously to dehy- 
dration bound up in -enol groups, and dehydration, which would 
only affect terminal -NHj or -N^^OH and -COOH groups would 
leave the umon between the protem and the metal unaffected 
As regards the preapitalion of proteins by salts it appears proba- 
ble, that acid and alkah protein react with salts as follows — 

H 

H.N R COH-«- + 'N R COOH + 2NaNO, 

1 

Cl 


Na 

=HiN R CONa++ + 'N R COOH + 2HXOj (1) 

I 

Cl 


>Cf algo Gustav Mann Physiological Histology, OMord, 1902 
T Brailsford Robertson Journ of Physical Chem , xv, 1911 “Theones 
in the Electrochemistry of the Protems ” Part vi 
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V H 

HsN R CONa-H- + "N R COOH + NaCl 

I 

OH 


Na 

I 

=H 2 N R CONa++ + "N R COOH + HjO (2) 

Cl 

Since proteins, dissolved in salt solutions, are electrically neu- 
tral (Hardy) it appears probable that this compound undergoes 
internal neutralisation thus — 


Na 


Na 


HjN R CONa++ + 'N R COOH = HjN R CONa N R COO 


Cl 



(3) 


It Will be observed that this hypothesis is a slight modification of 
that advanced by Pauli and Handovsky (cf above) in that, in the 
first place, cogmsance is taken of the fact that the proteins ionize, 
not at terminal NH2 or -COOH groups but at internal -enol groups 
and, in the second place, the compounds which are formed with 
acid and alkali protein respectively are symmetrical m structure, 
so that the symmetry of the effects of salts in dissolving and coagu- 
lating these compounds, which has been observed by Pauli, is 
readily accounted for 

In dilute solutions, that is, solutions m which the achw mass 
of water is great, these compounds undergo hydrolytic dissociation 
m the following way — 


Na 

1 

HjN R CONa'^ + 'N R COOH + H2O 
Cl 


H 

= HoN R CONa++ + 'N R COOH -f- NaOH (1) 

1 

Cl 
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This decomposition will naturally take place more readily in 
acid than in alkalme solution, the more concentrated acid would of 
course abstract Na from the compound and convert the whole of 
it into the acid-protein compound In either case the neutral 
compound which results may be insoluble When the active mass 
of ater is diminished, however, for example bj the addition of 
dehydrating agent or a salt with an affimty for water, this hydrolytic 
decomposition is prevented, and the complex salt 

Na 

1 

HiN R CONa N R COO 

I j.. '1 

maj pass into solution 

Further dehydration leads to the loss of -H and -OH by terminal 
-NHj and -COOH groups, as depicted above, and the formation of 
complex insoluble anhydrides 

This hypothesis furnishes an explanation of the folIo^^•mg facts 

(1) That the addition of salts to a solution of acid-protem 
mcreases the acidity of the solution, while the addition of salts to 
alkali-protein solutions does not mcrease the alkalimty (vide 
equations 1 and 2) 

(2) That an acid-protein is precipitated by cations, alkah- 
protein by amons (vide equation 4) 

(3) The reaction (acidity or alkalimty) of the sjstem being 
kept constant, the precipitation of the protem depends onlj upon 
the active mass of water and not upon the active mass of salt, 
provided this is sufficient to enter into combination with the pro- 
tem (\nde equation 4), i e ,it is possible to bring about precipitation 
by mere dilution, the relative masses of protem and salt bemg 
unaltered 

(4) The precipitation of proteins by salts occurs more readily 
in acid than in alkahne solutions (vide equation 4) 

(5) The observation of Bonamartim and Lombardi^ that egg 
albumin in neutral solution combines with both the basic and acid 

'Bonamartm and Lombardi Zeilschr f physiol C hem ,l\m, p 165, 
190S The egg albumin employed by these observers is not ash-free, it 
must therefore according to Pauli have been ionic 
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radicals of copper sulphate m equivalent proportions to form an 
insoluble compound but that in alkahne solution it combmes with 
excess of copper to form a soluble compound (vide equation 4) 
In alkahne solution hydrolytic dissociation of the complex salt is 
pushed back m accordance with the following equations 


CuSO* + 2KOH -> KjSO* + Cu (OH)^ 

H,N R CO N R COOH HjN R CO N R COOH 

\ I^H / |\ 

Cu(OH) 2 + ^CuSO, -> Cu SO^Cu +2H,0 

/ \ 1 / 

HjN R CO N R COOH HjN R CO N R COOH 


(6) The observation of T B Osborne that edestin, crystalhsed 
from concentrated salt-solutions, will decompose the salt, bindmg 
the base, is probably attributable to the reaction 

H Na 

I i 

HsN R CONa N R COOH + NaCl = H,N R CONa N R COOH + HCl 

I I 

Cl Cl 


the complex salt being in this case, insoluble 

(7) The observation of Pauh {loc cit ) that •precipitation of a 
protein by salts when it is non-iomc is impossible For, when the 
protein is not lomsed the mtrogen is bound up in undissociated 
-GOH N- groups and is not attached to H and OH groups replacable 
by the ions of the salt 

This fact also explains the observation of Liebermann and Bugar- 
sky^ that uncombined and, presumably, umomsed egg-albumin 
does not combine with salts in neutral solutions 

(8) The observation of Hardy {loc cit ) and Pauh (loc cit ) 
that coagulation of a protem by salts is possible whether it is lomc 
or not, since the dehydration of terminal -NHs and -COOH groups 
does not depend upon the dissociation of -COH N- groups 

‘Bugarszky and Liebermann Arch f d ges Physiol , p 61, 1898 
These observers used egg-albumin which, according to Pauli, la electrically 
neutral when uncombmed with acids or bases 
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SXJMMABT 

Evidence is advanced m support of the following theses — 

1 The proteins do not combine with acids and bases through the 
agency of tenninal -NHa and -COOH groups, but through the 
agency of -COH N- grgups, according to equations of the types — 

H 

I 

-COH N + KOH = -COB+*- + 'N- 

I 

OH 

H 

I 

- COH N + HCl = -COH^ T 'N 

I 

Cl 

2 These compounds react with salts, m solution, according to 
the equations — 

H K 

1 I 

- COKH- + 'N- +KC1 = -COK N - + H,0 

1 1 

OH Cl 

H K 

I I 

- COH++ + 'N - + 2KC1 = - COK N - + 2HC1 

1 1 

Cl Cl 


K 

I 

3 The compound -COK N- in dilute and especially m acid 

Cl 

solution tends to undergo hydrolytic dissociation accordmg to the 
equation 

K H 

i 1 

- COK N - + HjO -COK N- + KOH 

1 1 

Cl Cl 
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H 

I 

4 The compound — COK N — is usually insoluble , the formation 

Cl 

of this compound results in the jyrecipitahon (as distinguished from 
coagulation) of the protein 

5 In the presence of a greater mass of the salt or of a moderate 
amount of other dehydrating agents the above balanced reaction 

K 

I 

13 reversed and we regain the compound — COK N — which is 

Cl 

usually soluble 

6 In the presence of still greater quantities of dehydrating 
agents or on heating, the terminal -NHj and -COOH groups of the 
protein molecule react with one another, yielding water and anhy- 
drides of the types 

/N /N HOCv 

R<( 1 and R^ >R 

^COH ^COH W 

which, whether or not combined with bases or acids, are usually 
insoluble This results in the coagulation (as distinguished from 
the 'preci'pitation) of the protein 



NOTE UPON RELATIONSHIP BETWEEN UREA AND 
AMMONIUM SALTS 

BtA J WAKEMAN and H D DIKIN’ 

{From the SerleT Laboratory, 819 Madteon Avenue, New York ) 

(Received for pubbcation, April 12, 1911 ) 

An ever mcreasing number of the simpler chemical reactions 
occurring m the animal body is being shovm to be of a reversible 
type It appeared to the wnters to be of mterest to determine 
whether under suitable conditions the reaction mvolved in the 
well known conversion of ammomum carbonate or carbamate 
into urea by the hver might not also be a reversible reaction 
An additional incentive for making these evpenments was afforded 
by the suggestion of some writers^ that some of the conditions of 
acidosis m which an mcreased quantity of ammomum salts is 
excreted in the unne may fundamentally be caused by an accumu- 
lation of alkalme ammonium salts which the orgamsm must en- 
deavor to neutrahze with acids, rather than by an accumulation of 
acid which must be neutralized by ammoma 
It IS obvious that a demonstration of the reversible character 
of the reaction mvolved m the conversion of ammomum carbonate 
into urea would be of some importance with regard to the study of 
acidosis We have made many attempts to demonstrate such a 
reconversion of urea into ammomum salts but without success 
Our experiments were made by perfusmg the surviving h v ers of 
dogs with a mixture of dogs’ blood and sahne to which urea had 
been added The concentration of urea vaned m the different 
experiments and m some was raised as high as 4 grams per liter 
In some experiments repeated small additions of hjdrochlonc 
acid were made to the perfusion flmd after each passage through 

‘Cf Evfing Amer Journ of Sled Sciences, June, 1910 
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the liver It was thought that these conditions might possibly 
favor ammoma production Estimations of the amount of am- 
moma in the blood were made immediately prior to the commence- 
ment of the perfusion and also after perfusion had been carried on 
for one hour In every case there was a complete failure to dem- 
onstrate any increased formation of ammoma at the expense of 
the urea Under the conditions of our experiments the conversion 
of ammomum carbonate into urea appears to be practically an 
irreversible reaction 



FORMIC ACID AS AN mTERMEDIARY SUBSTANCE IN 
THE CATABOLISM OF FATTY ACIDS AND 
OTHER SUBSTANCES 


pEELiinNABT Note 

By H D DAKIN Ain> A. J WAKEMAN 
{From the Eerier Lahoratory, 819 Madison Avenue, Neva York ) 

(Received for publication, April 12, 1911 ) 

A small amount of formic acid has long been recognized as a 
normal urinary constituent, but the ongin of the acid has not been 
satisfactorily detemuned Smce formic acid is oxidized moderately 
easily m the animal body it is fair to conclude that the actual 
amount of formic acid produced m the course of metabolism is 
considerably m excess of the quantity excreted m the urme It is 
therefore a matter of some mterest to endeavor to determine the 
conditions of its formation 

The writers are engaged m perfectmg a method for the determi- 
nation of formic acid m unne, and similar flmds, which they be- 
heve to possess advantages over the customary procedures With 
the aid of this method we have earned out a number of determina- 
tions of formic acid m normal and pathological unnes We have also 
found that a relatively large excretion of formic acid follows the 
mtravenous admimstration to cats of the sodium salts of fatty 
acids such as acetic, propionic, butync, caproic etc The unnes 
excreted after the administration of these salts naturally contam 
much sodium bicarbonate and for purposes of control we have 
injected normal cats with solutions of eqmvalent quantities of 
sodium bicarbonate Under these cncumsiances we find that the 
administration of the sodium salts of the fatly acids mentioned may 
result tn the excretion of from ten to thirty times the normal amount of 
formic acid 
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From these results it appears probable that formic acid may rep- 
resent a stage in the catabolism of the fatty acids from acetic acid 
upwards The writers are engaged upon experiments aumngat 
the solution of this question The relation of carbohydrates and 
ammo-acids to formic acid production is also under investigation 
The experimental results will be published shortly 



SULPHUR IN PROTEINS 
XmOPOLYPEPTEDES 


PBELnaNASY Papeb 


By treat B JOHNSON axb GERALD BURNHAM 
(Conlnbulions from the Sheffield Laboratory of Yale University ) 

(Received for pubbcation, Apnl 12, 1911 ) 


It IS generally admitted, at the present time, that the ammo- 
acids, obtamed as cleavage products m protem hydrolysis, exist 
m the ongmal protems as immo compounds, via polypeptides 
(I) or their anhydrides (II) 


^NH, 

CH, COOH 

1 1 

CO CH, 

'^nh/^ 

I 

Glyoylglycm 


/^\ 

CO CH, 


CH, CO 


^NH-^ 

n 


Dioxypiperazin 


It IS also a well known fact that all proteins which have been 
carefully exammed, with the exception of the protammes and cer- 
tain bacterial protems, contam sulphur This element occurs m 
varymg amounts m different proteins, but attains apparently a 
maximum percentage m the horn substances 
We have, however, at the present time, very httle knowledge 
of the true nature of the sulphur linkings in these natural substances 
Admittmg that cystme has been isolated from several sulphur 
proteins and is looked upon as a primary dissociation product, 
nevertheless there are good reasons for behevmg that this is not 
the only primary sulphur complex to be considered Consid- 
ering only the oxj’gen hnkmgs of the various acid products of 
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protein hydrolysis, there are just two oxygen groupings to be 
dealt with, viz the hydroxyl form OH as represented m serine, 
oxyproline and tyrosine (IV), and the keto form -CO-NH and 
COOH- which IS present m the polypeptides (I), or their anhy- 
drides (II) and the acids themselves If now sulphur proteins be 

HO CHaCH (NHj) COOH HOCsHi CH 2 CH(NHj) COOH 

III IV 

HSCHaCH(NH2)COOH 

V 

viewed as oxygen proteins m which bivalent sulphur has partially 
displaced oxygen, one might therefore expect to find two types of 
sulphur hnkings in sulphur proteins corresponding to the two im- 
portant, primary oxygen groupings, viz mercapto -SH and thio- 
amide -CS-NH- In fact cystein (V) represents a sulphur com- 
pound of the first type, in which such a displacement has taken 
place in the case of hydroxyl oxygen in serine (III) Thiotyro- 
sme, HS CaH4GHaCH(NH2)COOH, has not yet been synthesized 
Are thiopolypeptide linkings present in sulphur proteins? If not, 
do thioamides functionate at all in the natural synthesis of sul- 
phur proteins from simpler substances? Judging from some re- 
sults which have already been obtained m this laboratory, it 
seems not improbable to the writer that thiopolypeptide group- 
ings -NH CHa CS- may be present in some sulphur protems, 
and that a knowledge of this grouping is therefore very desir- 
able in order to help to explain many of the mterestmg changes 
of these natural substances 

We attach much importance to this new idea of thiopoIjTieptide 
sulphur Thiopolypeptides represent a new class of orgamc 
compounds and we have already prepared several interesting deri- 
vatives of them, and are mak ng a careful study of their chemical 
properties This work is now m progress in this laboratory 



HYDROLYSIS OF CASEIN ^ 

Bt THOMAS B OSBORNE and H H GUEST 
(From the Laboratory of the Connecticut Agricultural Experiment Station ) 

(Received for publication, April 13, 1911 ) 

During the last few years the proportion of ammo-acids yielded 
by the more important proteins has been estimated by the methods 
now available "While these analyses have mdicated important 
differences m the proportion of some of the armno-acids yielded by 
different protems, nevertheless, from a quantitative standpomt so 
much uncertainty still attaches to many of the determmations that 
these analyses have only a limited value when apphed to the solu- 
tion of questions concerning nutrition or physiology 
The fundamental importance of a defimte knowledge of the 
quantity of each ammo-acid yielded by the several food proteins 
justifies the expenditure of much effort m studymg the analytical 
methods m order that these may be improved, or their limitations 
defimtely ascertamed It is evident that a satisfactory quantita- 
tive knowledge of the products of protem hydrolysis is to be ulti- 
mately obtained only by contmued efforts to improve the methods 
of isolating the various ammo-acids until the sum of the quantity 
of these becomes nearly, if not quite, equal to 100 per cent 
The results of a beginning of a study, directed to this end, re- 
ported m earher papers from this laboratory, were obtamed by 
analyzing the products of hydrolysis of zem from the seeds of maize, 
a protem which contains no glycocoU, tryptophane, lysme, or car- 
bohydrate and only a small proportion of argmme and histidme 
Alany ways were found to increase the yields of several of the ammo- 
acids so that the total summation of these, isolated m a pure con- 

'■ The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wasbrng- 
ton, D C 
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dition, was so much increased as to materially add to the value of 
the analysis At the same time the probable errors of the analysis 
were determined and by takmg these into consideration it was 
made highly probable that nearly all of the products of hydroly- 
sis of zein as well as their approximate proportions are now known 
With the expectation that we might accomplish at least as much 
for casein, we undertook the analysis described in this paper 

Although our attempt to effect a satisfactory analysis of casein 
failed to give the results hoped for, we, nevertheless, give them in 
this paper since they help to explain some of the conflicting data 
now recorded and at the same time afford an opportumty to dis- 
cuss the present state of knowledge of the decomposition products 
of this important protein They also give some new information 
respecting the losses incident to the conduct of the analytical 
methods and suggest possibihties for improving these 

The only summation of the products of hydrolysis of casein is 
that published by Abderhalden^ the total of which is but little more 
than 50 per cent A number of isolated data concerning the pro- 
portion of individual amino-acids are to be found in the hterature 
but as these have never been brought together they will be later 
discussed in connection with our own determinations 

PREPARATION OF CASEIN 

The casein used for this analysis was prepared in the laboratory 
according to Hammarsten's method by diluting 40 hters of per- 
fectly fresh, nearly fat-free, centrifugated milk with 100 hters of 
water and precipitating the casein with the least possible quantity 
of abundantly diluted acetic acid After the precipitate had set- 
tled the solution was drawn off and the precipitate suspended m 
about 50 liters of water The least possible excess of a very dilute 
solution of sodium hydroxide was then added, with constant stir- 
nng, imtil the casein was dissolved After diluting to about 150 
hters the casein was reprecipitated with acetic acid and this process 
repeated five times The final solution m alkali was obtamed with- 
m eight hours After standing over mght this was filtered clear 
through a thick bed of filter paper pulp and the casein precipitated 

1 Abderhalden Zeitschr f physiol Chem , xhv, P 23, 1905 
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from a volume of about 150 liters with the least possible quantity 
of very dilute hydrochlonc acid After the precipitate had settled, 
the solution was drawn off and agam suspended in about 150 hters 
of V, ater, m order to remove water-soluble substances The precipi- 
tate was then brought on to a linen cloth and allowed to drain until 
the greater part of the solution had run off It was then suspended 
in dilute alcohol and washed chlorme free by draming on hnen 
cloth The washed casein was next digested with absolute alco- 
hol and then with ether and air-dned Thus obtained, it formed 
a snow-white, dusty powder which yielded a perfectly clear solu- 
tion when dissolved in alkah and gave only the famtest trace of 
the hlohsch reaction 


HTDHOLYSIS OF CASEIX 

The method recently described by VanSlyke* for detennimng the 
proportion of amino-mtrogen in the nuxture of protem decomposi- 
tion products affords a means for following the progress of protein 
hydrolysis which we have apphed to casern and have found that 
complete decomposition is not effected until the casern is boded 
with strong hydrochlonc acid for much more than twenty-four 
hours Thus five portions of 2 grams each of air-dry casern were 
treated with 20 cc of hydrochlonc acid, specific gravity 1 1, and 
the mixture heated to boding with return condenser After eight 
hours one portion was removed from the bath, made up to 100 cc 
and the total mtrogen in each of two portions of 10 cc found to be 
0 2800 and 0 2814 gm The ammo mtrogen m two portions of 
15 ce was 0 1586 and 0 1586 gm , being thus equal to 56 5 per cent 
of the total mtrogen 

Bj proceeding in the same way the proportion of ammo mtro- 
gen, after boilmg for twenty-four hours, was 66 7 per cent of the total, 
after fortj-eight hours 71 7, after seventy-two hours 71 7, and after 
mnetj -six hours 70 8 per cent of the total In making these deter- 
minations closely agreeing duphcate results were obtained in each 
ease 

The total mtrogen of casein is 15 6 per cent, 71 7 per cent of 

'VanSlykc BerichU d deulich Chem Gesellsch , 1910, tliti, p 3170 this 
Journal, ix, p 1S4, 1911 ' 
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which IS equal to 11 19 per cent If to this is added the nitrogen 
in other forms, as calculated from those deternunations which ap- 
pear to be most nearly correct we find that almost all of the mtro- 
gen of the casern is accounted for as is shown in the following table 


Partition of nitrogen in Casein 


Ammoma nitrogen 

PBH CENT 

1 61 

f Hiatidme nitrogen 

0 46 

i Arginme nitrogen 

0 92 

§ Tryptophane nitrogen 

0 10 

Proline nitrogen 

0 82 

Oxyprohne nitrogen 

0 03 

Ammo nitrogen 

11 19 


15 13 


This table indicates that we now know with approximate accur- 
acy the several forms of combination in which the mtrogen occurs 
in casein Much of the small deficit is probably to be assigned to 
tryptophane and oxyprohne smce no methods are known by wbch 
these substances can be quantitatively estimated 
We, therefore, digested 350 gm of ash- and moisture-free casern 
with 700 cc of concentrated hydrochloric acid for five successive 
days, during which time the mixture was heated to boihng for about 
seven hours daily, or thirty-seven hours in all 

DETEKMINATION OP GLUTAMINIC ACID 

The hydrolysis solution was next made up to one liter and divided 
mto four equal parts Each of these was concentrated to about 
one-half its volume, saturated with gaseous hydrochloric acid and 
placed on ice for twenty-four hours The glutammic acid hydro- 
chloride was recrystalhzed with as httle loss as possible From 
each of the four portions we thus obtained, 17 2, 16 49, 16 57, 16 47 
gm of glutamimc acid hydrochloride respectively, making a total 
of 66 73 gm , equal to 53 47 gm of free glutamimc acid, or 15 28 
per cent of the casein No more was obtained from the esters 
which were subsequently distilled, indicating a practically complete 
separation as hydrochloride An examination of the total quantity 
of this glutamimc acid hydrochloride in the condition in which it 
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was weighed showed it to be free from moisture and to contam 
only 0 17 gm of ammomum chlonde It melted with decomposi- 
tion at 198° 

Chlorine, 0 2718 gm subat gave 0 2173 gm AgCl Deducting the small 
amount of chlorme contamed m the ammomum chloride the remamder la 
equal to 19 61 per cent chlonne 

Calculated for GsHnOi NCI Cl =19 34 per cent 
Found Cl =19 61 per cent 

After hydrolyzing for thirty-two hours 400 gm , ash- and mois- 
ture-free, of this same preparation of casern we obtamed 74 5 gm 
of glutamimc acid hydrochloride and, m addition to this, 3 12 gm 
from the esters, making a total of 77 62 gm eqmvalent to 62 2 
gm of free glutamimc acid, or 15 55 per cent of the casern A 
careful examination of this glutamimc acid hydrochloride showed 
that it contained no moisture or ammomum chlonde 
Analysis of the substance as weighed gave the following results 

Nitrogen, 0 2972 gm aubst required 16 0 cc -nrHCl 
Calculated for CsHioOiNCl N =7 63percent 

Found N =7 54 per cent 

Chlonne, 0 2717 gm subst gave 0 2142 gm AgCl= 0 0531 gm Cl 
Calculated for CjHkiO* NCI Cl =19 36 per cent 

Found Cl =19 49 per cent 

It melted with decomposition at 199° 

After separating the glutamimc acid hydrochlonde, the remam- 
mg amino-acids were estenfied by the method of Phelps and Phelps 
and the esters set free with sodium ethylate After filtenng out 
the sodium chlonde and other substances (A) insoluble m alcohol, 
the alcohol was distilled off under diminished pressure, the distillate 
acidified with hydrochlonc acid, evaporated to dryness, the chlonne 
removed and the ammo-acids added to those from Fractions I and 
n, obtamed by distillmg the residual esters 
These esters w ere treated with dry ether and the soluble part 
(B) filtered from the insoluble part (C) 

The ether was distilled from the esters (B) at atmosphenc pres- 
sure, the distillate acidified with hydrochlonc acid, and the ether 
distilled off After removing chlorme from the residue of ammo- 
acids these were added to those from Fractions I and II subse- 
quently obtained by distilling the mam portion of the esters (B) 
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Distillation I Esters B 


PRACriON 

TBMPEBATTTIIB 
OV BATH UP TO 

PBESSUBB 

WEIGHT 



mm 

jjm 

I 

65“ 

3 

27 24 

In liquid air condenser 



9 00 

II 

80“ 

1 

52 22 

III 

105“ 

1 

25 79 

IV 

160“ 

1 

12 74 

In liquid air condenser 


1 

i 

16 00 

Undistilled residue 


1 

70 00 

Loss 



9 00 




224 00 


Fractions I and II together with the 9 gm from the hquid air 
condenser yielded 31 35 gm of amino-acids, insoluble m absolute 
alcohol The alcoholic extract was united with the other extracts 
similarly obtained and worked up for prohne as later described 
Fraction III together with the 16 0 gm from the hqmd air con- 
denser yielded 12 55 gm of amino-acids insoluble in alcohol which, 
together with those from Fractions I and II, made a total of 43 90 
gm consisting essentially of leucine, vahne, and alamne 
Fraction IV From the ether extract 5 97 gm of pure phenyl- 
alanme hydrochloride were obtained 
From the aqueous solution no glutaminic acid was isolated and 
only 1 0 gm of copper aspartate 
The esters (C) insoluble in ether, which presumably were chiefly 
those of the basic amino-acids, formed a plastic mass from which 
it appeared difficult to remove all of the ether-soluble esters To 
secure these C was dissolved m alcohol, again subjected to the 
esterifying process and the esters liberated with sodium ethylate 
and distilfed as follows 


Distillation II Esters C 


rnACTiOK 

TEMPEBATURB 
07 BATH UP TO 

PBBaSUllB 

WBianr 



mm 

gm 

I 

120“ 

20 

51 

Undistilled residue 



33 
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Fraction I, largely alcohol and ether, yielded only 1 70 gm of 
amino-acids insoluble in alcohol These were added to the cor- 
responding substance obtained from Fractions I and II from Distil- 
lation I and the alcohohc extract to the alcohohc extract of the 
same fractions 

The undistilled residue was treated as Fischer directs for the 
higher boilmg fractions of the esters ^ The recrystalhzed phenyl- 
alanme hydrochloride from the ether solution weighed 0 77 gm 
From the aqueous solution 1 4 gm of aspartic acid was obtained as 
the copper salt but no glutamimc acid 
The residue A which contamed chiefly sodium chlonde and those 
products of hydrolysis, which failed to be estenfied by the first treat- 
ment, was freed from morgamc salts by treatmg with alcohohc 
hydrochloric acid, the ammo-acids estenfied, the esters hberated 
with sodium ethylate and distilled 


DiatiUation III Esters A 


TBACnOif 

1 TEMraBAIDBE 
09 BJtTH U? 30 


■WEIGHT 



mm 

gm 

I 

120° 

23 

38 

Undistilled residue ! 

! 


27 


Fraction I consisted largely of alcohol and ether for it yielded 
only 3 63 gm of ammo-acids insoluble m alcohol These were 
added to the correspondmg substance from Fractions I and n, 
Distillation I The alcohohc extract was added to the prohne solu- 
tions from the same fractions 

The undistilled residue was dissolved in water, shaken with 
ether and otherwise worked up accordmg to the customary method 
apphed to the higher boihng fractions of the distilled esters The 
ethereal solution contamed no phenylalanme ester 
From the aqueous solution no glutamimc acid could be separated 
but 2 88 gm of aspartic acid was obtamed as the copper salt 
The undistilled residue from Distillation I, which weighed 70 
gm , was hydrolyzed by boilmg with concentrated hydrochloric 


^ Cf Osborne and Jones Amer Sown of Physiol , xsvi, p 224, 1910 
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acid for fifteen hours and then estenfied and the esters hberated 
and distilled 


Distillation IV 


vaAcnoN 

TSUPS2UTUBS 
OP BATS UP TO 

PBBSaUBB 

WBtOHT 

I 

125® 

mm 

17 

gm 

! 63 

Undistilled residue 



48 


Fraction I, chiefly alcohol and ether, when saponified 3 aelded 
6 09 gm of amino-acids insoluble in alcohol These were added 
to the corresponding substance from Distillation I and the alco- 
hohc extract to the proline solution from the same fractions 
The undistilled residue was treated with water and shaken with 
ether The ethereal solution yielded 0.92 gm of phenylalanine 
hydrochlonde The aqueous solution yielded no glutanunic or 
aspartic acid 

The amounts of the various ammo-acids recovered from each of 
these distillations is given in the following table 


DiBTrrJ<ATioy 

X 

PIBST BBTBRI* 
PICATIOK 

11 

BTfiEB IK- 
80I.UBLS 
SBXBB5, 
BTC 

HI 

BBCOKP 

EBTBB171CA- 

TION 

IT 

UNDIS- 
rlLLBO BZB- 

IDXXB FBOH 

Z 

TOTAL 

Alanine ] 

Valine r 

Leucine J 

r 43 9 gm 
\79 3% 

1 70 gm 
3 0% 

3 63 gm 
6 9% 

6 09 gm 

ill 0% 

55 32 gm 
100 0% 

Phenylalanine 

/ 4 9gm 
\78 0% 

0 63 gm 
10 0 % 

0 Ogm 

0 0% 

0 75 gm 
11 9 % 

6 28 gm 
100 0 % 

Aspartic acid 

r 0 48gm 

\io 1% 

1 4gm 

29 5% 

2 88 gm 
60 50% 

0 0 gm 

0 0%: 

4 76 gm 

too 0 % 


No account was taken of the quantity of proline obtained from 
the different fractions as accurate estimations could not be made 
The above figures are instructive for they not only show that con- 
siderable losses occur m the process of carrying out the analysis 
but they also show where those losses took place and their relative 
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extent The figures given under columns 11, III, and IV show that, 
with the exception of aspartic acid, the largest loss was caused by 
decomposition of the esters dunng the distillation and that this 
involved the lower boihng esters to practically the same extent as it 
did the phenylalanine ester The next greatest loss, shown under 
column m, was caused by mcomplete esterification and the small- 
est loss, under column II, occurred m hberatmg the esters with 
sodium ethylate ^ The results obtained for aspartic acid show that 
it was not as readily estenfied as the other anuno-acids and that 
its ester was not easily extracted fay ether 
In order to estimate the total quantity of each of the ammo- 
acids contamed m the lower boihng fractions of the esters the muted 
fractions from each of the distillations were examined as follows 

THE LEHCINE leHACTION 

The ammo-acids msolnble m alcohol from fractions I, IT, III, 
and IV, together with those recovered from the alcohol and ether 
distilled from the esters, weighed 55 32 gm 
By fractional crystallisation 50 33 gm of ammo-acids were ob- 
tamed which apparently consisted of leucme and valme, and 4 99 
gm which seemed to consist of aianme, but from which no product, 
sufficiently pure for satisfactory identification, could be isolated 
This substance which was probably nearly all aianme was equal to 
1 4 per cent of the casern 

The 50 33 gm of the less soluble ammo-acids m which the pres- 
ence of aianme could not be detected contamed carbon, 53 08, 
and hydrogen, 9 63 per cent, corresponding to a mixture of equal 
parts of leucme and valme Accordmg to the lead method of 
Levene and VanSlyke- this substance yielded 22 27 gm of leucme 
The solution of the soluble lead salt yielded 25 04 gm of vahne 
which gave the following results on analysis 

Carbon and hydrogen, 0 2H2 gm subst gave 0 3972 gm COj and 0 1787 
gm HiO 


* Abderhalden (ZexUehr f physiol Ckem , bcvm, p 477, 1910) found m 
analyzing the products ol decomposition of silk fibrom that the greatest 
loss occurred in hberatmg the esters with sodium hjdroxideand potassium 
carbonate 

* Levene and VanSlyke This Journal, vi, p 391, 1909 
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Calculated for OjHuOiN C=51 28, H= 9 40 per cent 

Found C = 51 29, H= 9 47 per cent 

The mixture of 50 3 gm contaaned therefore leucine and valine 
each equal to 7 2 per cent of the casein 
The total alanine, valine, and leucine isolated, namely 15 8 per 
cent, IS somewhat less than that of Levene and VanSlyke^ who 
found 18 3 per cent of ammo-acids insoluble in alcohol Their acids 
contained leucine and isoleucine equal to 9 35 per cent of the casein 
and valine equal to 6 69 per cent or 16 04 per cent together This 
leaves 2 26 per cent of substance, belonging wholly to their frac- 
tion I, which must have contained all of the alamne together with 
a little valine, since, from this fraction they separated 0 5 gm of 
pure valine, by direct crystallization, but apparently made no at- 
tempt to make the separation of alamne and valine more complete 
As stated on p 344 the alcoholic extract contained amino nitro- 
gen equal to about 110 gm of amino-acids having a mean mtro- 
gen content of 12 per cent thus making the total amino-acids other 
than proline belonging to this fraction 66 32 gm The sum of 
the alamne, valine and leucine is therefore equal to 19 per cent of 
the casein 

VanSlyke^ found the same proportion of amino mtrogen in his 
alcoholic extract of the amino-acids of the leucine fraction which if 
added to the 18 3 per cent of amino-acids insoluble in alcohol which 
Levene and VanSlyke obtained from the same esters would make 
the sum of the alanine, valine, and leucine which they obtained 
21 3 per cent of the casein, a result in substantial agreement with 
that which we obtained 

Abdeihalden^ gives the proportion of alamne as 0 9 per cent, 
which doubtless was isolated in a state of purity Our estimate of 
1 4 per cent is based on the weight of the substance from which no 
more valine could be separated but which could not be converted 
into a pure enough product for satisfactory identification All 
these data show that casein yields a relatively small proportion of 
alamne which estimated by the present methods is equal to about 
1 5 per cent 

1 Levene and VanSlyke This Journal, vi, p 419 
- VanSlyke Ber d deutsch chem Gesellsch , xhii, p 3170, 1910 
’ Abderhalden Zetlschr f -physiol Chem , \hv, p 23, 1905 
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In commenting on the results of Levene and VanSlyke, Abder- 
halden^ has recently said “Casern has been repeatedly analyzed by 
Emil Fischer and later by myself The separate estimations gave 
very accordant results We obtamed a leucme -}- vahne fraction 
of about 11 gm Levene and VanSlyke found 16 gm In spite 
of the greatest care we have never been able to obtain from casein 
more than 13 gm of the leucme fraction per 100 gm pure casein 
(Hammarsten) ” Our own experience shows that Levene and 
VanSlyke are more nearly correct than Abderhalden assumes, and 
that their results may be safely accepted as showmg that casein 
yields at the least as much of the leucmes and vahne as they have 
stated 

In this connection it is mterestmg to note that Engeland- ob- 
tamed results by a wholly different method which mdicated that 
the sum of the leucme and vahne yielded by casern is equal to 16 5 
per cent Engeland separated a quantity of “crude leucme” by 
direct crystallization equal to 13 per cent and from the mother 
hquor obtamed leucme as its tnmethyl gold salt equal to about 2 
per cent of the casern From the filtrate from this latter he ob- 
tamed vahne as its tnmethyl gold salt equal to 1 5 per cent of the 
casein On the assumption that the “crude leucine,” separated 
by direct crystalhzation, contamed approximately equal parts of 
leucme and vahne, Engeland’s results agree with those of Levene 
and VanSlyke as well as with ours In view of these facts it seems 
justifiable to accept Levene and VanSlyke’s figure of 9 35 per cent 
as the best determmation yet obtamed for the proportion of the 
leucmes yielded by casein Our figure of 7 2 per cent for vahne 
seems to us to be more nearly correct than the shghtly lower one of 
Levene and VanSlyke for ours is based on the weight of analysis- 
pure substance correspondmg to this percentage, and, furthermore, 
Levene and VanSlyke do not appear to have separated qmte all 
of the vahne from the alanme 

The most stnkmg feature of these results for valme is the fact 
that this substance is present m the products of hydrolysis of casern 
in so much greater proportion than has heretofore been supposed 

' ■Vbderhaiden Zeitschr f physiol Chem , Ixvui, p 477, 1910 

• Engeland Ber d deutsch chem Gesellsch , xhi, p 2962, 1909 
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On the basis of the data at present available, casein now appears 
as yielding more valine than any protein yet analyzed The re- 
corded data for other proteins, however, are not to be accepted 
as final for there is little doubt that, by the application of the lead 
method of Levene and VanSlyke, the amount of vahne to be ob- 
tained from many of these will be much greater than that hereto- 
fore isolated by direct crystallization 


PROLINB 

The united alcoholic solutions contaimng the prohne from the 
different distillations were worked up in the usual way and 22 86 
gm of alcohol-soluble copper salt and 1 69 gm of alcohol-insoluble 
copper salt were obtamed 

These copper salts were umted and examined according to the 
method of VanSlyke* for determimng armno-mtrogen 
The total mtrogen was 3 2704 gm , the amino mtrogen 1 2655 
gm , making the difference 2 0049 gm which corresponds to 16 44 
gm of prohne or 4 70 per cent of the casein 
Although we removed from the prolme all substances insoluble 
in absolute alcohol by repeatedly evaporating, redissolvmg the 
residue in absolute alcohol and letting the solution stand for a long 
time it nevertheless contained ammo mtrogen equal to 38 7 per 
cent of its total mtrogen, which agrees with the experience of Van 
Slyke* who similarly found 30 6 per cent Even after estimating 
the prohne from the non-ammo nitrogen the quantity, 4 7 per cent 
IS greater than the 3 1 per cent reported by Abderhalden^ who did 
not apply any correction for contanunations VanSlyke obtamed 
6 7 per cent of prohne from casein as estimated from the non-ammo 
nitrogen soluble m alcohol and Engeland^ likewise obtamed 6 7 
per cent by means of the N-methylhygrimc acid 

It IS to be noted that VanSlyke’s result for prohne, which was 
obtained from the same esters as the leucine and valine estimations 
of Levene and VanSlyke, is higher than our result by about the same 

1 VanSlyke Ber d deutsch chem Gesellsch , \liii, p 3170, 1910 
- VanSlyke Ibid 

’ Abderhalden Zeilschr f physiol Chem , \liv, p 23, 1905 
* Engeland Ber d deutsch chem Gesellsch , xlii, p 2962, 1909 
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relative amount as their result for the leucines is higher than ours, 
doubtless because their esterification or distillation was some- 
what more successful than ours 

PHENTLALANINE 

The total quantity of pfaenylalanme isolated from the several 
distillations, as shown m the table on p 340 is 6 28 gm 

From the umted mother hquors from which the above quantity 
was obtained 2 00 gm more were separated as the hydrochlonde, 
thus makmg a total of 8 28 gm , equal to 2 37 per cent The total 
hydrochlonde from which the above quantity was estimated was 
analyzed with the following results 

Chlorine, 0 1683 gm aubst gave 0 1195 gm AgCl 
Calculated for CjHuOi NGl Cl =17 61 per cent 

Found CJ =17 56 per cent 

The only record of the percentage of phenylalanme yielded by 
casein which we have found is given by Abderhalden* who attn- 
butes its ongin to Fischer * Fischer, however, gives no data in the 
paper referred to from which the proportion of phenylalamne can 
be inferred further than that it cannot amount to less than 2 5 per 
cent of the casein In view of the absence of more defimte data 
we cannot do otherwise than accept the figure which Abderhalden 
gives as more nearly correct than our own As we weighed only 
the pure reciystalhzed hydrochlonde of phenylalanine the amount 
actually yielded by casein must have been at least as great as 3 2 
per cent* 


GLUTAMINIC ACID 

Many figures are on record showing the proportion of glutamimc 
acid yielded by casein The older figures, obtamed by methods 
now known to give unrehable results require no comment, but the 
more recent data deserve especial consideration since many of 
them agree wath one another so closely that they have beengen- 

' Abderhalden Zcitschr f physiol Chem , ■eiiv , p 23, 1905 

* Fischer, E Ihid , ■cciiii, p 151, 190) 

* Cf Osborne and Jones Amer Journ of Physiol , kx\i, p 305,1910 
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erally accepted as representing very nearly the true amount of 
glutamimc acid yielded by casein Thus Emil Fischer' obtained 
10 per cent, Abderhalden^ 10 7, Osborne and Gilbert® 10 8, 
while Abderhalden and Funld state that they have never found 
more than 10-11 per cent and that they obtained the same amount 
after boiling the casein with concentrated hydrochloric acid or 
with 25 per cent sulphuric acid for sixteen hours Engel and® 
obtained from casein by means of the hydrochloride 9 4 pei cent 
of glutamimc acid Recently Abderhalden and Langstein ® have 
confirmed these data and report 10 78 per cent as the result of a new 
determination 

The constant results obtained, not only in estimating glutaimnic 
acid from casein, but from other proteins, has caused this determi- 
nation to be regarded as more accurate than that of most of the 
other products of protein hydrolysis For this reason the assertion 

of Skraup^ that air-dry casein boiled with 33 per cent of sulphuric 
acid for eighteen hours yielded 16 27 per cent of glutamimc acid 
and when boiled for six hours with concentrated hydrochloric acid 
yielded 19 87 per cent appeals not to have been generally accepted 
The data presented by Skraup are far from convincing for his 
estimate of the above peicentages is based on the weight of the 
“ciude” glutamimc acid hydiochloiide which he isolated He 
makes no statement concermng the purity of the product which 
he weighed and the only evidence that he gives as to the nature of 
the substance is a chlorine determination made on the recrystaUized 
hydrochloride from which, of course, no conclusion can be drawn 
inspecting the degree of purity of the product actually weighed 
The figures given by Skraup, however, agree better ivith those 
which we have recently obtained than do those earlier recorded 
That casein actually yields at least 15 5 per cent of glutamimc 
acid seems to be demonstrated by our experience for in five sep- 

’ Fischer, E Zeitschr f physiol Chem , \\\in, p 151, 1901 
- -tbclerhalden Ihxd , \liv, p 23, 1905 

’Osborne and Gilbert Amer Journ of Physiol , xv, p 333, 1906 
^ Abderhalden and Funk Zeitschr f physiol Chem , liii, p 19, 1907 
’ Engeland Ber d deutsch chem Gesellsch , \Iii, p 2962, 1909 
® Abderhalden and Langstein Zeilschr J physiol Chem , Iwi, p 8, 
1910 

’’ Skraup Monatsh f Chem , \m\, p 791, 190S 
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arate detemunatioiis we obtained 15 45, 14 82, 14 89, 14 80, and 
15 55 per cent These figures are based on the weight of the per- 
fectly dry hydrochloride which was shown, by analysis and melting 
point to be pure, e'^cept for an insignificant quantity of ammomum 
chlonde It is difficult to attribute these higher results to any 
other factor than the prolonged hydrolysis to which the casern 
was subjected in making these determinations although this 
assumption is not m harmony with Skraup’s even higher result, 
obtamed after boilmg for only eight hours with concentrated hydro- 
chloric acid In view of the absence of convmcmg data we cannot 
accept Skraup’s statements as necessarily contradictmg such a con- 
clusion 

ASPARTIC A-CID 

The quantitative determination of aspartic acid by the ester 
method presents especial difficulties Our results indicate that 
much of this trouble is connected with the extraction of the esters 
with ether The table on p 340 shows that we recov ered from the 
products of the first esterification only 10 per cent of the amount 
which we recovered in all Thirty per cent remamed with the 
substances insoluble m ether and 60 per cent was recovered from 
the second esterification These figures refer only to the relative 
proportions of the total amount recoiered, they would be much 
smaller if related to the total amount actually present 
No estimate of the approMmate amount of aspartic acid can 
therefore be formed, further than that it probably amounts at most 
to only a few per cent Until more data are available 1 39 per cent 
must be accepted the best figure yet recorded 

TTROSnVE 

The proportion of tyrosine from casein has been determmed 
many tunes and most investigators agree m placing it at about 
4 5 per cent Thus Reach* found 4 5 per cent, Cohn= obtamed 
3 5 per cent, and Abderhalden and associates* on the basis ot 

‘Reach Virchow’s 4rcAii, clvni, d 2SS, IS99 
‘Cohn Zeilschr f physiol Chem wvi p 395,1599 
’ Cf Abderhalden and Langstein Zeitschr f phy<,iol Chem Itvi 
P 8, 1910 
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several determinations give 4 5 per cent Three separate deter- 
minations of tyrosme which we have made after boihng with 25 
per cent sulphuric acid for twenty-four, thirty-srx, and twenty 
hours respectively gave 3 9, 3 2, and 3 4 per cent of the moisture- 
and ash-free casein Although we made especial efforts to isolate 
all the tyrosme possible we have not been able to obtain any larger 
proportion in a condition fit to weigh Since according to our ex- 
perience it IS impossible to isolate all of the tyrosine by direct crys- 
tallization we can accept Abderhalden's figure of 4 50 per cent as 
probably very nearly correct 

AMMONIA 

The proportion of ammoma which casein yields when hydrolyzed 
with strong hydrochloric acid has been determmed by so many 
different investigators with such uniformly agreeing results what we 
can consider the proportion of this product of hydrolysis to have 
been determined with accuracy Thus Henderson^ found 1 65 , 
Kutscher^ 1 59, Hart* 1 59, Osborne and Harris* 1 61, Gumbel* 
1 60, and VanSlyke* 1 63 per cent The average of these figures, 
1 61 per cent, is undoubtedly very nearly correct 


THE BASIC AMINO-ACIDS 

Hart^ found among the products of decomposition of casein 
produced by boiling with sulphuric acid and sodium chloride 1 84 
per cent of arginine, 2 59 per cent of histidine, and 5 80 and 5 70 
per cent of lysine Osborne, Leavenworth and Brautlecht* con- 
firmed ■Jihese figures for lysine and histidine finding 5 95 and 2 50 
per cent respectively but they found only 3 81 per cent of argimne 

* Henderson Zeilschr f physiol Chem , \xix, p 47, 1900 

- Kutscher Ibid , \\\i, p 215, 1901 

^ Hart Ibid , 1901, xwui, p 347, 1901 

* Osborne and Hams Journ Amer Chem Soc , xxv, p 323, 1903 

‘ Gumbel Beilr z chem Physiol u Pathol , v, p 297, 1901 

‘VanSlyke Ber d deutsch chem Gesellsch , xliu, p 3170,1910 

T Hart Zeilschr f physiol Chem , \\\in, p 347, 1901 

'Osborne, Leavenworth and Brautlecht Amer Journ of Physiol, 
xxin, p ISO, 1908 
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Two other detemunations gave them 3 42 and 3 39 per cent thus 
leavmg some uncertamty respectmg the actual amount of this lat- 
ter substance A recent estimation of arginine by VanSlyke^ 
based on the amoimt of mtrogen precipitated by phosphotungstic 
acid under defimte conditions, mdicated the presence of 4 09 per 
cent 

Osborne and Hams- found m a preparation of very pure casern 
3 49 per cent of basic mtrogen accordmg to Hausmann’s modified 
method, but new detemunations which we have recently made 
with likewise very carefully purified casern have given us somewhat 
lower results, namely, 3 08, 3 13, 3 24 and 3 25 per cent or an aver- 
age of 3 18 per cent The mtrogen m the highest results forhis- 
tidme, argmme, and lysme which Osborne, Leavenworth and 
Brautlecht found equals 3 07 per cent of the casern, a result m such 
close agreement with the new detemunations of basic mtrogen that 
it seems probable that their estimations of 2 50 per cent of histi- 
dine, 3 81 per cent of argimne and 5 95 per cent of lysme are very 
nearly correct 

CTSTINE 

Although casein contains about 0 8 per cent of sulphur only a 
very small part of this appears to belong to cystme All attempts 
to isolate cystme as such from casein have failed and the only 
evidence of its presence is the formation of a quantity of sulphide 
when casern is decomposed by caustic alkahes which corresponds 
to 0 1 per cent of sulphur or about 0 50 per cent of cystme if all of 
this sulphide sulphur originated from cystme * 

In this connection mention may be made of the fact thatRubner* 
obtained 0 23 per cent of methyl mercaptan from casern, but this 
doubtless is a secondary decomposition product of some more com- 
plex substance 

We, therefore, have httle defimte information respectmg the 
nature or amoimt of the sulphur-contammg products yielded by 
casein 

* VanSlyke Ber d deulsch chem Geselhch , xlm, p 3170, 1910 

’ Osborne and Hama Journ Amer Chem Soc , xxv, p 323, 1903 

* Cf Fleitmann Ann d Chem , brvi, o 3S0, 1847, also Osborne Journ 
Amer Chem Soc , xxiv, p 140, 1902 

* Rubner Arch f Hygiene, xix, p 136, 1893 
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SERINE 

Fischer^ obtained fiom casein a small quantity of serine, equal 
to about 0 5 per cent but considered the amount actually present 
to be considerably greater 

OXYPROLINB 

Fischer" also obtained a mimmal quantity of oxyprolme troin 
casein which was equal to only 0 23 per cent 


DIAjnNOTRlOXYDODECANIC ACID 

Fischer and Abderhalden® isolated about 0 75 per cent of a sub- 
stance from casein to which they gave this name, but the constitu- 
tion of which they have not yet determined Several attempts 
which we have made to detect this substance among the products 
of decomposition of casein have failed, probably because we used 
too little casein The conditions under which we worked, however, 
were such that we expected to obtain at least some indication of 
its presence 

TRYPTOPHANE 

No method exists whereby tryptophane can be estimated with 
any approach to accuracy The figure given by Abderhalden is 
i to be considered only as minimal It may well be that tryptophane 
' forms a not inconsiderable part of most of the proteins and that 
much of the part still unaccounted for may be made up of this 
aimno-acid 

CARBOHYDRATE GROUPS 

The casein which we used for our analysis was practically free 
from carbohydrate as shown by the exceedingly feeble and transi- 
tory Molisch reaction which it gave No considerable part of the 
deficit is, therefore, to be attributed to the presence of carbohy- 
drate in the casein 

1 Fischer Zeilschr f physiol Chem 'xm ,p 155,1903 

- Fischer Ibid 

^ Fischer and Abderhalden Ibid , xlii, p 540, 1904 
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PHOSPHORUS 

The presence of phosphorus in casein raises the question as to 
whether it is a constituent of the protein molecule or of some non- 
protem group umted with a protein group as is haematm with 
globm m haemoglobm or nucleic acid with protem m the nucle in s 
Such data as are available indicate that the umon is other than a 
salt-hke combmation of a phosphorus-contammg acid with a pro- 
tein base 

It seems probable that the phosphorus is a constituent of some 
orgamc complex and if this shall be shown to be the case a part of 
the still undetemuned part of casern will be accounted for 

SULPHUR 

The fact that casein yields a vey much smaller proportion of 
sulphide sulphur than do most other proteins when decomposed 
with strong alkahes shows that most of the sulphur is present in 
some other form than cystine Whether or not this sulphur is a 
constituent of some complex orgamc radical deserves more study 
than it has yet received If this should prove to be the case a 
further portion of the undetermined part of casern would be ac- 
counted for 

It is not improbable that the low summation of analyses of casein 
directed simply to estimations of aunno-acids is caused by the 
presence of phosphorus and sulphur-contaming orgamc groups of 
which these two elements form but a small proportion 

If we accept those data which the preceding review has indicated 
to be the most rehable our present knowledge of the quantitative 
proportions of the products of hydrolysis of casein can be summar- 
ized as follows 
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Glycocoll 

0 00 

Alanine 

1 50‘ 

Valine 

7 201 

Leucine 

9 35* 

Proline 

6 70* 

Phenylalanine 

3 20* 

Glutaminic acid 

15 55* 

Aspartic acid 

1 39* 

Cystine 

? 

Serine 

0 50' 

Tyrosine 

4 SO* 

Oxyproline 

0 23' 

Histidine 

2 50* 

Arginine 

3 81* 

Lysine 

5 95* 

Tryptophane 

1 50* 

Diaminotrioxydodecamc acid 

0 75‘ 

Ammoma 

1 61* 

Sulphur 

0 76*“ 

Phosphorus 

0 ss** 


67 85 


These results show that in spite of all efforts to obtafn maximum 
yields of the several decomposition products of casein the undeter- 
mined portion remains relatively large If we assume that the 
amino-acids are in polypeptide umon ivith one another and that the 
ammoma substitutes one hydroxyl of the dibasic acids, the total 
of the casein thus accounted for is only 57 7 per cent Assuming 
|that only 70 per cent of the alamne, valine, leucine, proline, and 
'phenylalamne and 50 per cent of the aspartic acid, serine, trypto- 
phane, diaminotrioxydodecamc acid and oxyproline are recovered 

‘ Osborne and Guest This paper 
® Levene and VanSlyke This Journal, v i, p 419, 1909 
*VanSlyke Ber d deulsch chem Gesellsch , \hv, p 3170, 1910 
■* Abderhalden Zeitschr f physiol Chetn , xhv, p 23, 1905 
' Fischer Ibid , \x\i\, p 155, 1903 
“ Reach Virchow’s Archiv , p 288, 1899 

^ Osborne, Leavenworth and Brautlecht Amer Journ of Physiol , 
xxiii, p ISO, 1908 

® Fischer and Abderhalden Zeitschr f physiol Chem , \lii, p 540, 1904 
» Osborne and Harris Journ Amer Chem Soc , wv, p 323, 1903 
Hammersten Zeitschr f physiol Chem , vii, p 227, 1883 
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by the methods used in this analysis' the total so estimated as rep- 
resented by the combined radicals becomes 71 2 per cent of the 
casein, thus leavmg 28 8 per cent still unaccounted for A similar 
calculation of the results of the analysis of zem left only 7 3 per 
cent as correspondingly unaccounted for 
The mtrogen accounted for m this analysis is equal to 63 6 per 
cent of the total mtrogen, leavmg 36 4 per cent unaccounted for, 
or 5 68 gm per 100 gm of casein The proportion of casein un- 
accounted for after calculating the ammo-acids and ammoma as 
combined m the protein is 42 5 gm per 100 to which the above 5 68 
gm belongs We thus find that the undetermined residue has a 
mean mtrogen content of 13 1 per cent A similar calculation of the 
mean mtrogen content of the undetermined residues of some other 
proteins gave the following results for ghadm 13 2, excelsm 14 0, 
and legumin 14 3 per cent These calculations, therefore give no 
evidence that casein differs m constitution to any marked degree 
from other proteins which contain no phosphorus 
It might be supposed that the phosphorus of the casein was a 
part of some orgamc radical which is umted with the protein, as, 
for example, chondroitm sulphuric acid, or nucleic acid, are umted 
in the mucins or nucleins If this is, in fact, so the orgamc radical 
must be one which contains mtrogen m approximately the same 
proportion as the mono-amino-acids 


‘ Cf Osborae and Jones Amer Journ of Physiol , tsvi, p 305, 1910 




A NEW DECOMPOSITION PRODUCT OF KERATIN 
WHICH GIVES MELLON’S REACTION 

PRELIMINARy NOTE 
Bt ROSS AIKEN GORTNER 

[From the Biochemical Laboratory of the Station for Experimental Eiolution, 
the Carnegie Ineliiution of Washington ) 

(Received for pubbcation, April 14, 1911 ) 

The red coloration produced by the interaction of an aromatie 
phenol and Millon’s reagent (mercunc nitrate mdilutemtrous acid) 
IS one of the most characteristic of the color reactions of the pro- 
teins Among the mneteen known compounds which form the 
protem molecule only one, p-oxy-a-ammo phenyl propiomc acid 
(tyrosin) is of such a nature as to give a coloration with MiUon’s 
reagent and therefore a positive reaction is taken to prove the 
presence of tyrosm 

In a recent article' I have shown that the coloration of the in- 
teguments of the meal worm {Tenebns molitor) is due to thepresence 
of a tyrosmase, actmg upon a chromogen In many respects this 
chromogen resembles tyrosm, in that it is not precipitated by 
phosphotungstic acid or by basic lead acetate and m that it gives 
a strong Millon’s reaction It differs from tyrosm, however, by 
being extremely soluble so that when evaporation was carried al- 
most to dryness and a few drops of water were added no tyrosin- 
liLe crystals could be obtained, neither did anyotherof the tyrosm 
tests, exceptmg the coloration with tyrosinase, produce positive 
results 

While this was a sohtary instance no special attention was paid 
to it, the supposition being that the chromogen was present m 
exceedingly small amounts and was probably tyrosm 

' This Journal, vu, p 365, 1910 
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In a later study of the pigment of black ivool' a melanin was 
isolated by the action of 0 2 per cent sodium hydroxide which was 
soluble m alkalies, dilute mineral acids and strong acetic and formic 
acids Further study of this body has shown that it is probably a 
melano-protezn, i e , an acid albumin in which a poition of the pro- 
tein molecule is so modified as to possess the properties usually as- 
cribed to melamns, that is, thepigmented portion of the molecule is 
readily soluble in dilute acid while combined in the protein molecide, 
but, when hydrolyzed by strong mineral acid or acted on by strong 
alkah, a pigment is obtained which is insoluble in mineral acids 

In my earlier paper, I define melamn as “those dark pigments 
which occur normally or pathologically in the animal body, skin, 
hair or feathers,” and I still adhere to this nomenclature and call 
the “melano-protein” a melanin, since it is doubtless in this form 
that the pigment occurs in the wool - 

Approximately 20 grams of this melanin were hydrolj zed by 
boiling for 30 minutes with furmng hydrochloric acid The solution 
was evaporated to dryness on a water-bath, distilled water added 
and the black melano-humin filtered off The remainder of the 
hydrochloric acid was then precipitated by addition of silver sul- 
phate and the sulphuric acid quantitatively removed by barjda 
The clear filtrate was concentrated almost to dryness and allowed 
to crystallize Then a small amount of cold ivater wms added and 
the solution filtered from the crystals These were well washed with 
cold water and dried in vacuo over concentrated sulphuric acid 
The dry crystals weighed about 0 3 gram, were of the character- 
istic tyrosin shape and gave all of the usual tyrosin tests (Millon’s, 
Pyna’s, Denig^s’ and Morner’s and the coloration with tyrosinase) 
To my surprise, however, the mother liquor still gave Millon’s re- 
action with undiminished intensity Thinking that perhaps hydroly- 
sis was incomplete and tyrosin polypeptides might be present, the 
solution was diluted to 150 cc and sulphuric acid added to 25 

1 Gortner This Journal, viu, p 341, 1910 

- Although I have tested many varieties of keratin, including four samples 
of human hair, horn, black and white feathers, albino hair and feathers, 
negro hair, horse hair, black and white wool, etc , “melano-proteins” have 
been obtained only from black wool, red and brown horse hair and auburn 
human hair The detailed report on these pigments, alkali albumins, etc , 
will shortly be ready for publication 
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per cent by weight, aud the mixture boiled for 22 hours The 
acid was then neutralized with baryta and tyrosm, detenmned 
in the usual maimer No tyrostn was present, but the h'hUon’s 
reaction was stiU very intense A difference was, however, observed 
m the reaction, for if a large excess of the reagent were added or 
if the heating had been too vigorous the coloration did not appear 
or else was rapidly decolorized 

The solution containmg this matenal was evaporated to dryness 
on a water bath and insufficient water was added to dissolve the 
residue On filtenng the most soluble portion was found to contain 
the MiUon reacting material showing beyond doubt that the substance 
could not be tyrosin 

Abandonmg hope of obtaining the pure compound from this 
small quantity of matenal I hydrolyzed 300 grams of air-dned 
black wool with two hters of 25 per cent sulphunc acid, boiling the 
mature for 24 hours After separatmg tyrosm (6 1 grams) m the 
usual manner, I foimd the Millon's reaction of apparently im- 
diminished mtensity and, although I was able to concentrate the 
reacting matenal m the mast soluble fraction (after 20 grams of 
leucm (?) had been separated which gave no coloration with the 
reagent and a third fraction was removed which only gave a famt 
color) I was, however, unable to obtain the substance m any 
ssmhlaace of parity by this method It is very evident, however, 
that some aromatic phenobc body is present in this keratmmolecule 
which IS not identical with any of the known products of protem 
hydrolysis 

I expect to take up the study anew in a short time and with the 
aid of a Geryk vacuum pump it may be possible to separate this 
component 




CREATm AND CREATINTISr METABOLISM IN DOGS 
WITH ECK FISTIFLA ‘ 


Bt NELLIS B FOSTER AND HENRY L FISHER 

(From the Laboratory of Biological Chemistry of Columbia University, at the 
College of Physicians and Surgeons, New Yorf ) 

(Received for publication, April 24, 1911 ) 

A definite relation between hepatic function and the metabolism 
of creatin and creatmm was suggested by Mellanby,- after he had 
observed low excretions of creatmm and high ehmmations of 
creatin from mdividuals suffermg of cancer and cirrhosis of thehver 
Mellanby attributed the low creatmm excretion m these cases to 
a depression of the hver function® resultmg m failure of hepatic 
transformation of creatm to creatmm Mellanby mentions other 
possible explanations, however Thus he says that the creatm 
may anse from an mcreased muscle catabohsm mcident to car- 
cinomatous toxeima, or that creatm may be a product of the new 
growth and e limin ated in larger quantities on that account 
In carcinoma of the hver there is such marked wastmg and ca- 
chexia that the question of a relation between hepatic function 
and creatm excretion is confused by the incidence of other factors 
That there is an mcreased creatm excretion m these cases is cer- 
tain We have observed in a case of primary carcmoma of the 
liver an excretion of more than 1 gram of creatm per diem A high 
excretion of creatm was also noted m a case of brown atrophy of 
the hver Both patients were on a milk diet and there was a steady 
decrease m weight, to which, at least m part, may be attnbuted 
the creatm excretion 

These considerations led us to investigate the relation that the 
liver may bear to creatm and creatmm excretion m connection 

‘ A preliminary report of this work was published m the Proceedings of 
the Society for Experimental Biology and Medicine, viu, p 33, 1910 
•Mcllanbj Journ of Physiol , xxxvi, p 447, 1903 
* Mellanbj loc cit , p 4S1 
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with other studies of hepatic function now in progress The ex- 
periments were performed on two dogs The only means we pos- 
sess for investigating this point in mammals is by Eck fistula 
How completely this operation deprives an animal of the normal 
hepatic processes is not clear, but we are of the opinion that such 
deprivation is by no means entire 

The creatin and creatmin metabolism in dogs with Eck fistula 
has lately been investigated by London and Bobarski,^ with the 
following rather remarkable conclusions (1) The creatm excre- 
tion was higher on fast days than on the days when food was given 
(2) The addition of creatmin to the food did not increase creatimn 
excretion (3) The addition of creatin to the food caused no in- 
creased elimination of creatm in the urine, but was followed by a 
rise in creatmin excretion 

The diet fed to our dogs consisted of unsweetened condensed 
milk, cracker meal, lard and water The first dog took his food 
without apparent relish and never ate the prescribed amount 
The constant loss of weight in this dog may be due to his failure 
to eat rather than to his Eck fistula The second dog, however, 
took food well and maintained normal weight 

The accompanying table presents the data collected in this 
study The creatin used in these experiments gave no reactions 
for creatimn or for chloride From this creatin, creatmin was pre- 
pared for us in this laboratory by Dr S R Benedict The creatin 
and creatmin were given m the food The administered amounts 
were computed from the figures for the content of the one or the 
other in the available specimens as determined directly by the 
corresponding Folm method 

A study of the table shows that ingestion of creatmin was fol- 
lowed in each instance by an increased creatmin excretion In 
one case there was a rise m creatin elimination after the adminis- 
tration of creatmin This result was not confirmed, however, and 
was probably due to some other factor After creatm ingestion 
there was no corresponding rise m creatm output, a slight increase 
m creatmin excretion that was observed thereafter is suggestive 
but not convincing 


' London and BoJj irbki Zeitschr f physiol Chem , l\ii, p 465, 1909 
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Bala pertaining to experiments on dogs with Ech fistula 
First Dog 


DITS 1910 

BODT 

Aiiocrs'T 

or 

UBiva 

TOTAI. N 

caajLTi'nv 

CBXATIV 


kilos 

ec 

gram 

gram 

gram 

April 11 

13 

■ina 

625 

410 

3 79 

2 41 

0 209 

0 167 

None 
0 040 

13 

11 43 

690 

4 50 

0 364 

0 084 

14 

11 60 

330 

3 77 

0 251 

0 046 

13 

11 50 

340 

2 SI 

0 219 

0 027 

16 

11 50 

300 

2 47 

0 135 

0 015 

17 

11 30 

420 

5 46 

0 399 

0 032 

18 

11 20 

490 

2 79 

0 172 

0 014 

19 

11 35 

S40 

6 29 

0 756 

0 043 

20 

11 05 

240 

2 S9 

0 166 

0 017 

21 

10 SO 

420 

4 99 

0 318 

0 067 

23 

10 63 

530 

3 37 

0 234 

0 063 

23 

10 12 

7S0 

7 64 

0 694 

0 20s 

24 

10 07 

425 

3 62 

0 187 

0 161 


iUODvr xoiasiamsxo 

2 33 gm creatjn 

0 6 gm creatmm 

I 1 2 gm creatm 

i 

I 0 35 gm creatinm 


Second Dog 


July 3 

10 67 

170 

4 76 ‘ 

0 418 

0 017 



3 

10 33 

130 

3 06 I 

0 346 

0 078 

1 


4 

10 85 

240 

6 92 

0 381 

0 004 

i 


5 

10 65 1 

160 

5 87 1 

0 350 

' 0 041 

I 1 11 gm 

creatm 

6 

10 70 

115 

2 58 1 

0 253 

0 002 

I 


7 

10 60 

100 

2 94 , 

0 2SS 1 

0 OSO 

1 0 gm 

creatm 

8 

10 65 

430 

9 99 1 

0 507 

0 009 

0 3gm creatinm 

9 

10 60 

ISO 

4 69 ‘ 

0 460 

0 000 

j 


10 

10 78 

133 

2 56 

0 360 

0 008 

i 


11 

10 72 

160 

4 96 

1 0 373 

I 0 076 



12 

10 68 

320 1 

3 14 

1 0 326 1 

1 0 014 



13 

10 71 

175 

3 14 

1 0 378 

0 004 



14 

10 70 

190 

3 04 

1 0 363 

0 017 



15 

10 76 

420 

3 31 

1 0 340 

0 008 



16 

10 72 

355 

4 12 

0 387 

0 161 

1 07 gm 

creatm 

17 

10 65 

230 

2 77 

j 0 324 

0 000 { 



IS 

10 68 

160 

3 S9 

j 0 301 

0 010 i 



19 

10 67 

300 

1 

3 03 

0 486 

0 oil 1 

0 5 gm creatmm 
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Both creatm and creatinm appear to act as diuretics The in- 
crease in nitrogen excretion on the days of their ingestion was pos- 
sibly due to a flushing of excretory substances rather than to a 
conversion of creatm or creatinm into eliminated nitrogenous de- 
rivatives The disproportion, between the urinary mtrogen and 
the amount of substance administered suggests this explanation 
(Compare the data for the 13th and the 21st days, also those for 
the Ibth and the 23d days — first dog ) 

We are indebted to Drs E H Poole and H H Janeway for 
their kindness m performing the surgical operations 



A NOTE REGARDING THE PRESENCE OF IODINE 
IN THE HUMAN PITITITARY 

btW denis 

(From the Physiological Laboratory of the Tulane Medical School ) 

(Received for publication, April 27, 1911 ) 

la a recent paper Wells^ points out that the previous history of 
patients whose pituitaries are examined for the presence of iodine 
should always be mvestigated because the administration of io- 
dides or bandagmg with iodoform dressmgs might lead to a storing 
of iodine m the hypophysis, and that for this reason the observa- 
tions of Schnitzler^ and of Wells’ that lodme is present in this 
organ are not conclusive 

In the same paper Wells gives an account of a second senes of 
iodine determinations made by him on human pituitanes, from 
individuals who had received no iodides or other iodine compounds 
before death, in these he could detect no trace of lodme, while 
in an experiment made with three pituitanes from persons who had 
received iodides before death he was able to detect a trace of io- 
dine which was however too small to permit of quantitative deter- 
mination 

As it seemed most desirable that further observations regarding 
this matter should be made I have secured twenty-one human 
pituitary bodies which have been kept in absolute alcohol for sev- 
eral months before use, they were then dried, the alcohol in which 
they had been preserved evaporated to dryness in the presence of 
a small amount of sodium hydrate and the residue so obtained 
fused with the dned tissue For the fusions and subsequent 
extraction Riggs’’ modification of the Baumann method was used 

‘ This Journal, MI, p 259 

’ U ten him Wochenschr , ix, p 657 

*Joiirn of the American Ved -Issn , xxix, p 1011 

* Journ inter Chem Soc , xxxi, p 710 
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Sixteen pituitanes taken from patients who had received no iodides 
before death had, when dried, a total weight of 1 58 grams and on 
fusion by the above method gave no trace of iodine 

From five hypophyses obtained from the bodies of individuals 
who had received iodides before death, which had a total weight, 
when dry, of 0 49 grams I could also obtain no trace of iodine, I 
am unable to obtain any data as to how long before death the last 
dose of iodides was administered to the patients from whom these 
pituitanes were taken 

The material used in this work was taken in the autopsy room 
of the New Orleans Charity Hospital and was collected for me 
through the kindness of Drs F B Gurd and M J Couret of the 
Department of Pathology of this University 



THE OXIDATION OF THE AMINO-ACIDS I GLYCOCOLL 

AND CYSTIN 


byw denis 

(From the Physiological Laboratory oj the Tulane Medical School ) 

(Received for publication, \pril 27, 1911 ) 

Considencg the importance of the subject comparatively fen 
quantitative data are available concerning the action of oxidizing 
agents on the amino-acids, it has therefore seemed worth while to 
investigate the changes produced by the action of potassium per- 
manganate on two of the most widely distnbuted of the ahphatic 
amino-acids, viz , glycocoll and cystin 
The oxidation of glycocoll with potassium permanganate has 
previously been investigated by Engel,* by Drechsel* and by Hal- 
sey’ who by carrying out the reaction in the presence of an excess 
of ammoma noted the production of oxamic, oxalic and carbonic 
acids 

By boiling gelatin wth a solution of calcium permanganate 
Kutscher and Schenck* obtained large quantities of oxamic acid 
and a small amount of oxamid, both of which bodies they consider 
to be derived from the glycocoll fraction of the gelatin 

OXWiTIOX OF GLYCOCOLL WITH ALKALINE POTASSIUM 
PERMANGANATE 

2 4 grams of Kahlbaum's glycocoll dissolved in 100 cc of water 
were treated wnth 300 cc of asolutioncontaininglogramsof potas- 
sium hydrate (30 0 molecules) and 71 3 grams of potassium per- 
manganate The mixture was contained m a flask provided with 

' Jount f jirakt Chcui , 1S74, p S47 

Ber d L GcscU d IPiascascA, math-naturw Classe, Sitzung vom 21 
Jiili, lS7a 

^ Zulschr J phyt^iol Chem , \x\, p 32S 
‘ Blc d d chein Ocstll , \x\Mi, p 2923 
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a leflux condenser winch was in turn connected with a senes of 
wash bottles containing decinormal hydrochloric acid On bring- 
ing the ingredients together the temperature rose spontaneously 
to 40° C , the apparatus was allowed to stand at room temperature 
for thirty hours, when, to complete the decolonzation of the per 
manganate the flask wa‘5 ' armed m a paraffin bath kept at 120° 
for five hours During this time a slow stream of air free from 
carbon dioxide was drawn through the apparatus, the ammonia 
given off being collected in the hydrochloric acid, by subsequent 
titration of the acid the amount of ammoma produced in the re- 
action was determined 

The precipitated manganese dioxide was then removed by fil- 
tration and the filtrate divided into two equal parts, to one part 
was added a slight excess of sulphuric acid and the volatile acids 
removed by distillation and estimated by subsequent titration of 
the distillate 

The other portion of the filtrate was placed in the apparatus 
used for the collection of ammonia and to it was added a slight ex- 
cess of hydrochloric acid, the carbon dioxide evolved being col- 
lected in a series of cylinders filled with a saturated solution of 
barium hydrate, to get rid of all traces of carbon dioxide, the acid 
liquid was heated for five hours in an oil bath kept at 120°-125° C , 
a slow current of air freed from carbon dioxide being meanwhile 
drawn through the apparatus At the end of this time the barium 
carbonate formed was rapidly filtered off, washed with boiling 
water, dried at 110° and weighed 

In the liquid from which the carbon dioxide had been removed 
oxalic acid was determined by precipitation with calcium acetate, the 
solution having first been neutralized with ammonium hydroxide 
After removal of the calcium oxalate by filtration the liquid was 
evaporated to small volume 25 grams of potassium hydrate were 
then added and the solution boiled for six hours in a flask provided 
with a reflux condenser in order to obtain any oxamic acid present 
in the form of calcium oxalate 

In a second experiment the oxalic acid was isolated for purposes 
of identification by extraction with ether and was obtained in 
characteristic crystals melting at 99 C 

By proceeding in the manner just outlined I obtained from the 
above-mentioned 2 4 grams of glycocoll, 0 96 gram of carbon diox- 
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lue, 0 50 gram of ammoma, 2 00 grams of oxalic acid, no oxamic 
acid, and volatile acids equivalent to only 4 00 cc of decinormal 
bodmm hydroxide Subsequent tests showed that tms small 
amount of volatile acid consisted entnely of nitric acid formed from 
ammonia by the oxidizing action of the permanganate These 
results would seem to indicate that in the oxidation of glycocolt 
by permanganate in strongly alkalme solution 69 per cent of the 
amino-acid ’S transformed according to the following equation 

XHj CH COOH + + (COOH)2 

Whereas the remaining 33 per cent is oxidized according to the 
equation 

NHj CHj COOH + O 2 -* X3, + HCOOH + CO 2 

Under the condition of the experiment the formic acid then further 
reacts to give carbon dioxide and water 
It IS also easdy conceivable that the abo\e mentioned 33 per 
cent of ammo-acid may be oxidized as follon s 

2 XH, CHa COOH + Oj -»• 2 NH, + 2 COj + 2HCHO 

with subsequent oxidation of the formaldehyde to formic acid 
uhich m turn is transformed into carbon dioxide and water 
The results obtained m the foUowmg expenment pomt to the 
former reactions as probably furnishmg the true explanation, 
although it IS easily conccnable that the formic acid found may 
ha\ e resulted from the oxidation of the previously formed formic 
aldehy de 

On oxidizing in the cold 0 5 gram of glycocoll dissolved in 25 cc 
of w atcr uith 60 cc of a mixture contaimngS 3 grams of potassium 
h\ drate and 0 62 gram of potassium permanganate, decolonzation 
of the permanganate took place within tuenty mmutes, after fil- 
tration the liquid u as tested for formic aldehyde by Leaches’ modifi- 
cation of the Hehner test and by the resorcin sulphuric acid test but 
only negati\ e results n ere obtained Formic acid u as shoun to be 
present by the reaction u ith mercuric salts W ith Schiff’s reagent 
the liquid ga\e a positive reaction, uhile indication of the presence 
of a trace of gly oxy he acid could be obtained by the apphcation 
of the tryptophane test The presence of glyox-yhc acid in the 
mixture of partial oxidation products of gly cocoll makes it neces- 
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sary to consider two possibilities to account for the formation of 
oxalic acid from this substance 
Dakin' has shown that by the oxidation of glycocoll and various 
other substituted acetic acids with hydrogen peroxide large quan- 
tities of glyoxylic acid are formed together with ammonia, formal- 
dehyde and formic and carbonic acids As is well known gly- 
oxyhc acid is rapidly transformed into oxalic acid, by the action of 
alkaline permanganate It is therefore easily conceivable that 
the oxalic acid obtained is formed by a secondary reaction from the 
glyoxylic acid first produced 

On the other hand it has been shown by Engel, Drechsel and later 
by Halsey that when the oxidation of glycocoll by permanganate 
IS conducted in the presence of an excess of ammomum hydrate 
large quantities of oxamic acid are formed, by the method of pro- 
cedure which I have used it is possible that the first product of 
oxidation in this case also may be oxamic acid which is at once 
decomposed into oxalic acid and ammonia by the action of the 
large excess of alkali used in the oxidizing mixture 
In this connection the work of Lusk- on the fate of the aramo- 
acids in the animal body is of interest, on the administration of 
glycocoll to diabetic dogs he finds the ammo-acid to be entirely 
eliminated in the urine as sugar, from this and other experiments 
he concludes that the process of deamination of glycocoll m the 
body IS one of hydrolysis and not of oxidation, the intermediate 
substances formed m the transformation of glycocoll into glucose 
being m his opimon glycolhc acid and glycolaldehyde 

NHf CH, COOH + HiO -> CHjOH COOH + NHj 

It IS conceivable as a third possibihty that glycolhc acid may be 
the intermediate body from which the oxalic acid resulting from 
the oxidation of glycocoll is formed On account of the ease with 
which glycolhc acid is transformed into oxalic acid by oxidizing 
agents there is little hope of obtaining qualitative proof of its pres- 
ence by the method of treating the ammo-acid with an msufiicient 
amount of oxidizing agent, my own experiments made along 
this line have met with negative results 

I This Journal, i, pp 171, 271 
’ Journ Amer Chem Soc , xxmi, p 673 
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PBEPAKATION OP CTSTI^f 

The cystin used m the experiments given below was prepared 
from human hair and from feathers by the followmg method which, 
while it does not give the large yields to be obtamed by the ongi- 
nal procedure of Morner, allows one to obtain with a small amount 
of labor a pure preparation of the amino-acid 

The fat-free hair or feathers were placed in a flask containing twice their 
weight of 20 per cent hydrochloric acid, the flask provided with a reflux con- 
denser was heated on a sand bath for ten to fourteen hours The liquid 
was then poured mto an e\aporating dish and a large part of the hjdro- 
chloric acid removed by evaporation on the water bath While still hot, 
crystals of sodium acetate were added to the liquid until Congo red paper 
no longer indicated the presence of free mmeral acid This method of neu- 

tralizing the mineral acid, which has recently been suggested by Folm* 
IS accompanied with a much smaller loss of time and material than when this 
process is effected with a strong solution of caustic alkali in the wa> usually 
recommended The mixture is then allowed to stand at laboratory temper- 
ature for from four to five days, after which the precipitate is filtered off, 
well washed with cold water, dissolved m 4 per cent hjdrochlorio acid and 
boiled with bone black, after filtration the bone black is boiled with two 
portions of 4 per cent hydrochloric acid, the various filtrates umted, evap- 
orated to small volume m the water bath and the cjstm precipitated with a 
hot solution of sodium acetate An equal volume of acetone is then added 
nnd the mixture allowed to stand at laboratory temperature for two days, 
when the cjstm is filtered off and well washed with cold water Bj thus 
method I obtained from turkey feathers a yield of 2 5 per cent of cj stm, from 
chicken feathers, 3 2 per cent, from the feathers of the wild duck,400 per 
cent and from human hair, 3 5 per cent 
A word regarding the advisability of evaporating down hydrochloric 
acid solutions of cj stm on the water bath may not be out of place at this 
point In the preparation of cj stm most authors’ have advised the removal 
of excess of hydrochloric acid bj distillation at reduced pressure 
The only quantitatu e results concemmg the action of dilute acids on this 
amino-acid with which I am familiar are those of Momer’ who heated oystin 
dissolved in 10 per cent hjdrochloric acid on the water bath for 109 hours, 
at the end of this time the specific rotation of the material which had been 
at the beginning of the experiment —223° had fallen to — 134° while onlj S2 
per cent of the cystm could be recovered from the solution, a trace of sul- 
phuric acid was present but no hjdrogen sulphide 


‘ This Journal, viii, p 9 

’ Morner Zeitschr f physiol Chem , xxviu, p 693, Abderhalden and 
Teruchi Ibid , xlvni, p 52S, Mathews This Journal, vi, p 21 
’ Mdrner Zctlschr f physiol Chem , xu.jv, p 203 
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The following experiments were undertaken with the idea of obtaining 
some data as to the ease uith which cyatin may be decomposed with boil- 
ing mineral acids 

The method of procedure was as follows 

9 5935 grams of cystin were dissolved in 100 cc of 2 per cent hydrochloric 
acid and the solution then diluted with water to 250 cc Aliquot portions of 
this solution were heated on the steam bath with various concentrations of 
hydrochloric acid in a flask provided with a reflux condenser 

At the end of the period of heating the hydrochloric acid was neutralized 
with sodium acetate, to foe solution was added twice its volume of 95 per 
cent alcohol and the whole allowed to stand at laboratory temperature for 
four days, at the end of which time the precipitated eystin was filtered off on 
a tared Gooch crucible, well washed with cold water and with 95 per cent 
alcohol and dried at 95° C 



Ctstin Hecovebed 

(1) 25 CO cystin solution precipitated as soon as made 

ffrom 

0 9065 

ptr «n( 

95 2 

(2) 25 cc cystin solution -f SO cc 39 per cent Hcl, 
heated for 25 hours 

0 8395 

883 

(3) 25 CO cystin solution + 25 cc 39 per cent Hcl, 
heated for 25 hours 

1 

0 8321 

87 5 

(4) 25 cc cyatin solution -f 25 cc 39 per cent Hcl, 
heated for 5 hours 

0 8467 

89 1 

1 

(5) Same as (4) except that solution was evaporated 
in open dish on water bath for 4 hours 

0 8510 

99 2 

(6) 20 cc cystin solution stood in stoppered flask in 
laboratory for 37 days 

0 6807 

89 5 


No hydrogen sulphide was formed m any of the above experiments but 
traces of sulphuric acid could be detected in all except (1) 


OXIDATION OF CYSTIN WITH ADKALINB POTASSIUM 
PERMANGANATE 

To 2 Igraxnsof cystin suspendedin25cc of water were added 400 
cc of a solution containing 5 5 grams of potassium hydroxide (10 
molecules) and 11 6 grams of potassium permanganate, this mix- 
ture was allowed to stand at room temperature for thirty-six hours, 
at the end of which time the permanganate was entirely decolor- 
ized Ammonia was quantitatively determined by the method 
previously described, the liquid was then filtered and the filtrate 
and washings mixed and divided into three parts To one portion 
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was added a sligut excess of hydrochloric acid and carbon dioxide 
detennmed as for glycocoll, this portion was then evaporated to 
small volume on the w'ater bath and oxahc acid extracted with 
ether, in another portion sulphuric acid was determined by pre- 
cipitation with barium chloride in the presence of an excess of 
hydrochloric acid, while to the third part was added a shght excess 
of sulphuric acid and volatile acids distilled off and estimated by 
titration 

By these methods I obtamed from the above-mentioned 2 1 
grams of eystin 0 23 gram of ammoma, 0 90 gram of carbon 
dioxide, 1 13 grams of oxahc acid, 1 28 grams of sulphuric acid, 
traces of free sulphur, and volatile acids equivalent to 20 0 cc 
of potassium hydroxide The oxalic acid found was identified 
by its melting point, 99° C , and by the preparation of its calcium 
salt 

The distillate contaimng volatile acids was neutrahzed with 
potassium carbonate and evaporated to dryness on the water 
bath, the residue was then repeatedly extracted with absolute 
alcohol to separate potassium acetate and potassium nitrate by the 
method of Juan ‘ 0 085 gram of potassium acetate, equivalent 
to 0 051 gram of acetic acid, was obtamed, the residue insoluble 
in absolute alcohol gave positive results with the usual qualitative 
tests for the determination of nitrates and consisted of potassium 
nitrate derived from the ammoma by the action of permanganate 
From these results it would seem that by oxidation of cystin with 
permanganate m strongly alkaline solution the largest part of the 
material is transformed according to the equation, 

S CH, CH(NHs) COOH COOH 

2 1 -MoO,+2HiO-»4 I +4COj + 4NH. + 4H,SOt 

S CH, CH(NH^ COOH COOH 

As an intermediate product in the formation of oxahc acid lactic acid 
with subsequent transformation into pyruvic acid would seem most 
probable 


* Imcr Chcm Journ , xlni, p 1 
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S CHj CH(NHj) COOH 
2 | 

S CHi CH(NHi) COOH 


-h 10 H, 0-1-5 02 ^ 2 CH 3 CHOH COOH-^NH 3 -^ 4 H,SO, 

I +0, 


2 CH 3 CO COOH 

+ ^Oa 

COOH 

2| -i-2C03 + 2 H 30 

COOH 


Beilstem^ has shown that calcium lactate when oxidized with 
an insufficient quantitj- of potassium permanganate gives a fair 
amount of pyruvic acid, while it was found by the author- that 
pyruvic acid when treated with alkahne permanganate is con- 
verted almost quantitatively into molecular amounts of oxalic 
acid and carbon dioxide 

As an attempt to test the truth of the above statements the 
following experiment was performed 1 0 gram of cystin sus- 
pended in 25 cc of water was treated in the cold with 75 cc of a 
solution containing 2 32 grams of potassium permanganate and 
4 2 grams of potassium hydrate, decolorization of the permanga- 
nate took place within fifteen minutes On filtering off the pre- 
cipitated manganese dioxide the filtrate was found to give a posi- 
tive reaction with Schiff's and with Tollens’ reagents The re- 
mainder of the filtrate made slightly acid with hydrochloric acid 
was extracted with ether, on removal of the ether by distillation a 
small quantity of an acid oil was left m the distilling flask, an 
aqueous solution of which reduced Fehhng’s solution when heated, 
and gave a small amount of a hydrazone melting when crude at 
175° C 

From the detection of a small amount of acetic acid among the 
products of oxidation it is evident that a portion of the cystm was 
transformed into ammonia and acetic, carbonic and sulphuric 
acids either by the following reaction 

S CHi CH(NH2) COOH 

2 j + 9 Oj -f G H,0 -> 4 NH,-f i HiSOi-f 1 CO 2+4 CH,C001 

S CHs CH(NHj) COOH 


iBcr d d chem Gcs , xvii, p 840 
J Amer Chem Journ , xxwm, p 569 
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or bj way of a primary formation of acetaldehyde, which Vi ould 
then be immediately ondized by the alkahne permanganate into 
o'^ahc and acetic acids ^ 

S CHj CH(NHi) COOH 

2\ + 130i+2 H20-+-1NH,+ -1H2S0 i+ 4CH,C0S + 4C02 

S CH- CHlNHj) COOH 

Somewhat less than the calculated amount of ammoma was col- 
lected Whether this deficiency is due to the retention of mtrogen 
in combination in some compound which I have faded to isolate 
or whether it be entirely due to the oxidation of a part of the am- 
monia spht o2 to nitric acid and mtrogen, which reaction has been 
shown to occur by Herschkowpsctf, it is impossible to say 
The amount of sulphuric acid precipitated as banum sulphate is 
also somewhat below the amount demanded by theory if the cal- 
culation be based on the assumption that both sulphur atoms m 
the cystin molecule are spht off as hydrogen sulphide, which com- 
pound is subsequently oxidized to sulphunc acid The im ariable 
appearance of particles of free sulphur will however readily account 
for this discrepancy 

In conclusion I wish to express my thanks to Prof Gustav ilann 
who has furnished me throughout the course of this work with 
much helpful cnticism, and many valuable suggestions 

SUMMARY 

1 Glycocoll on complete oxidation with alkahne potassium 
permanganate was found to yield oxahc acid, carbon dioxide, 
ammoma, and mtnc acid When glycocoll was treated with an 
insufficient amount of the oxidizing agent traces of formic acid 
and of gljoxyhc acid could be detected 

2 A modification of the existing methods for the preparation 
of cystin IS described 

3 Cystin on complete oxidation with alkaline permanganate 
yielded oxahc, sulphuric, carbomc, acetic and mtnc acids together 
w ith ammonia and free sulphur By treatment of the amino-acid 


‘ Denis Amer Chcm Journ , -cccviii, p oG9 
Zi.xUchr f physikal Chcm , L\, p 93 
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with an insufficient amount of the oxidizing agent traces of pyru- 
vic acid could be demonstrated 

Further expeiiments are m progress in this laboratory dealing 
with the action of permanganate without alkali on cystin and 
glycocoll and also on other aliphatic and aromatic amino-acids 



THE ACTION OF GASTRO-INTESTINAL JUICES ON 
NNCLEIC ACIDS 


Bt P A LEVENE Ajn> P iMEDIGRECEANIJ 

(From the Laboratones and the Bospilal of the Rockefeller Institute for Med- 
ical Research, New York ) 

(Received for pubbcation, April 28, 1911 ) 

On the basis of the recent work of Levene and Jacobs, nucleic 
acids may be regarded as mono- or polynucleotides Under the 
name nucleotides are designated compounds consistmg of phos- 
phoric acid conjugated with a complex composed of a carbohy- 
drate and a base Inosinic or guanyhc acids may be considered 
as types of such nucleotides In chemical terms the composition 
of these substances may be expressed m the following way 

0 = P-C»H. 04 CsH 4 N »0 

ob/ 

or 

0 = P - C,H,0. 

In the course of metabolism the simple as weL as the complex 
nucleic acids undergo complete disintegration The part play ed in 
this process by the gastro-mtestmal tract has not been known 
until very recently The number of mvestigations on the direct 
action of the gastro-mtestmal juices 13 small, and the greatest part 
of the work was done at a time when the chemical structure of the 
nucleic acids was still unknown A review of the literature up to 
the article of London and Schittenhehn is given in the monograph 
of Brugseh and Schittenhelm ‘ 

* Brugsch und Schittenhelm Der Vuclcinsto^ucecfuelund^eine Storun^en 
Gustav Fischer, Ji.na, 1910 ’ 
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The results of the recent work of London and Schittenhelm' 
recorded in their last article lead them to the view that nucleic 
acids are not digested nor absorbed by the stomach In the intes- 
tines, however, nucleic acids undergo decomposition either com- 
plete, with the liberation of purin bases, or partial, leading to the 
formation of nucleosides The experiments of London and Schit- 
tenhelm were performed on dogs with fistulae m different parts 
of the intestine The substances employed in their experiments 
were the yeast and the thymus nucleic acids 
The evidence for the assumption of the formation of nucleosides 
m their experiments was indirect And although the views of 
these writers may be perfectly correct, nevertheless it could not 
be regarded a^ firmly established by experiment 
In a previous communication- the present writers pointed out 
that the mechanism of the dissolution of the nucleic acid molecule 
can be elucidated most convemently by a comparative study of the 
dissolution of the smaller fragments of the molecule It was also 
pointed out that the changes in the optical rotation of the solution 
of the nucleic acid in a general way may serve as an indicator of the 
extent of the cleavage suffered by the nucleic acid 
The plan of the present investigation was based on these con- 
siderations 

The substances employed m the experiments (given m increas- 
ing degree of complexity) were the following luosm, cytidin, 
guanyhc acid, pynmidin nucleotides, yeast nucleic acid, and 
thymus nucleic acid 

The digestive juices were kindly furnished to us by Prof I P 
Pawlow of St Petersburg, and we take this occasion to acknowledge 
our appreciation of his courtesy 

All the juices contained their proteolytic eoisymes or zymogens 
Thus, the gastric juice caused the usual digestion of a beef powder, 
but failed to cause the cleavage of glycyltryptophan The pan- 
creatic juice was inactive when allowed to act on the protein or the 
peptid, but showed the usual activity on beef powder, and on gly- 
cyltryptophan after the addition of a small quantity of enterokin- 
ase The intestinal juice brought about a very intense cleavage 
of glycyltryptophan 

I Loudon und Schittenhelm Zeilsc/ir / physiol Chemie, p 10, 1911 
= Levene and Medigreceanu This Journal, i\, p 65, 1911 
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The analytical methods employed m course of the investigation 
will be referred to m the expemnental part The results of the 
experiments were the followmg 

Inosin remained unchanged through the action of neutralised 
gastric jmce, pancreatic juice and mtestmal juice, also by the com- 
bmed action of pancreatic and mtestmal juices 
Gmnostn behaved similarly to mosm 
Cyiidin behaved similarly to the previous substances 
Gmnylic Acid under the mduence of either gastnc and pancreatic 
juice remamed unchanged Under the influence of intestinal 
jmce the following changes occurred The clear solution of the 
sodium salt of nucleic acid and the enryme became turbid on stand- 
mg The turbidity ended m the formation of a crystalline precip- 
itate Simultaneously with the precipitate formation was noted 
a marked dimmution m the optical rotation of the supernatant 
solution The precipitate dissolved by the aid of a 10 per cent 
solution of sodium hydrate possessed a higher optical activity than 
the onginal solution of the nucleic acid The filtrate contamed 
free phosphoric acid which was absent m the onginal solution The 
solution did not reduce Fehhng’s solution on boiling, but did so 
after previous hydrolysis with nuneral acid 

The chemical reaction that took place under the influence of the 
enajune is obvious from this descnption It consists, in the de- 
tachment of the phosphoric acid from the guanosin The crystal- 
hne precipitate formed on digestion consisted of pme guanosm. 
This makes evident the reason of the observation that the precip- 
itate possessed a higher rotatory power than the solution of the 
original guanyhc acid 

Pynmidin Nudeoiides Pynmidm nucleotides remained unal- 
tered under the influence of neutralized gastric juice or of pan- 
creatic juice Under the influence of intestinal juice the optical 
rotation of the solution did not alter perceptibly During diges- 
tion the solution developed free phosphonc acid, though not in 
the same proportion as a similar solution of guanyhc acid The 
product of digestion did not reduce Fehhng’s solution 

Thus, the impression is gamed that the pyrumdin nucleotides are 
decomposed through the action of intestinal juice into phosphonc 
acid and pyrimidm complexes How e\ cr, the reaction takes place 
with lower intensity than m a similar solution of guanyhc acid 
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Yeast Nucleic Acid Under the influence of neutralized gastric 
juice and of pancreatic juice the solution of the sodium salt of this 
acid suffered little change m its physical or chemical properties 
Under the influence of intestinal juice the following changes were 
noted 1 A veiy rapid fall of the magnitude of the optical rota- 
tion of the solution 2 The nucleic acid could no longer be pre- 
cipitated from its solution by glacial acetic acid 3 The solution 
contained free phosphoric acid but showed no reduction of 
Fehling’s solution on boiling The reduction was very pionounced 
after preliminary hydrolysis with mineral acids It is obvious 
from tnis that the following chemical changes took place in the 
nucleic at id 1 A staking alteration m its solubihty While the 
original nucleic acid was insoluble in glacial acetic acid, the solu- 
tion resulting from the action of intestinal juice was readily soluble 
m that reagent It is possible that this change was due to the 
cleavage of the original nucleic acid into mononucleotides 2 
The cleavage of the nucleotides into phosphoric acid and the 
organic complexes These corapleves, however, remained intact 

Thymus Nucleic Acid Under the influence of neutralized gastric 
juice and of pancreatic juice, no alteiation of the sodium salt 
of the oiigmal nucleic acid took place Under the influence of 
intestinal juice the following changes occurred While the orig- 
inal solution formed after action of hydrochloiic acid a precipitate 
of the free nucleic acid, such a precipitate did not form after 
the action of the intestinal juice Simultaneously there occurred 
a very definite decline m the optical rotation of the original solu- 
tion This, however, took place at a much lower intensity than 
a similar solution of yeast nucleic acid The solution showed the 
presence of free phosphoiic acid, did not reduce Fehlmg's solution 
on boiling but did so after a previous hydrolysis with mineral 
acids Thus the changes occmrmg m the thymus nucleic acid 
are apparently the same as m the yeast nucleic acid, but they aie 
brought about at a considerably lower intensity 

BXPEUMFNTAL PART 

The optical measurements were made m the manner described 
in the communication on nucleases * Care was exercised to allow 

Journal, i\, p Ci, 1911 
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the nucleic acid solutions to cool to room temperature, since the 
observation had been made that the magmtude of the optical 
rotation of these solutions was affected by the temperature 

Phosphoric acid estimations were made m the following manner 
To the neutral solutions molybdic solution was added as long as a 
precipitate formed This was removed by filtration The filtrate 
was treated with ammoma water and acidulated with mtric acid 
In the presence of free phosphoric acid the yellow precipitate 
formed 

The presence of free sugar was tested by means of Fehhng's solu- 
tion In the presence of punn bases a white precipitate of the 
cuprous salts of the punns formed 


INOSIN EXPERIMENTS 


Experiment with Neutrai. G vstric Jcice 


A In neutral phosphate solution (1 per cent) 


III, 28, *11 
Control 


Experiment 

Control 


Enzyme solution, 1 cc 
Inosm solution, 4 per cent, 3 cc 

Enzyme solution, 1 cc 
Phosphate solution, 3 cc 


10 xnla 

-0 76 
0 00 


2 hra. 

-0 76 
0 00 


21 hrs 

-0 76 
0 00 


III, 28, *11 
Control 


Experiment 

Control 


B In acid solution 

Inosm, 0 2 gm in 
Acid gastric juice, 5 cc 

Inosm, 0 2 gm m 

Hjdrochlonc acid 0 5 per cent, 5 cc 

10 min 12 hri 39 hrs 81 hrs. 

-0 76 -0 75 -0 65 - 0 SO 

-0 76 -0 75 - 0 60 -0 50 


111 hrs 

-0 76 
0 00 


190 hrs 
-0 31 
-0 32 
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III, 28, ’ll 
Control 


Experiment 

Control 


Experiments with Pancreatic Juice 

In neutral phosphate solution (1 per cent) 

A Unactivated Pancreatic Juice 

Enzyme solution, 0 5 cc 
Inosin solution, 4 per cent, 3 5 cc 

Enzyme solution, 0 5 cc 
Phosphate solution, 3 5 cc 

10 min 21 hrs 163 hrs 

-0 87 -0 87 -0 87 

~0 04 -0 04 -0 04 



B Activated pancreatic juice 

III, 29, ’ll 

Pancreatic juice, 1 cc 
Intestinal juice, 0 1 cc 



Inosin solution, 4 per cent, 3 5 cc 

Control 

Enzyme solution, 1 1 cc 


Phosphate solution, 3 5 

cc 


10 min 

24 hra 

Experiment 

-0 76 

-0 75 

Control 

-0 08 

-0 08 


163 hr9 

-0 75 
-0 OS 


III, 28, '11 
Control 


Experiment 

Control 


III, 29, '11 
Control 


E\periments with Intestinal Juice 

In neutral phosphate solution {1 per cent) 

Experiment I 

Enzj'me solution, 0 1 cc 
Inosin solution, 4 per cent, 3 9 cc 

Enzyme solution, 0 1 cc 
Phosphate solution, 3 9 cc 

10 min 2-1 hrs m hra 

-0 94 -0 94 -0 94 

0 00 0 00 0 00 


Experiment II 

Intestinal juice, 1 cc 

Inosin solution, 4 per cent, 3 cc 

Intestinal juice, 1 cc 
Phosphate solution, 3 cc 
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10 

24 bra 

72 hrs 

93 hrs 

163 hr> 

Experiment 

-0 73 

-0 TO 

-0 70 

-0 69 

-0 70 

Control 

-0 03 

-0 03 

-0 03 

-0 03 

-0 03 


The sugar test (Fehlmg’s solution) ga\e in all the above experiments 
negative results 

CTTIDIN EXPERIMEXTS 


EXfEBIMENT WITH NeHTRAL G ISTBIC JtFlCE 


III, 28, ’ll 
Control 


Experiment 

Control 


Gastric juice, 1 cc 
Cjtidin solution, 3 cc 

Gastric juice, 1 cc 
Phosphate solution, 3 cc 


10 mla 
+0 20 
0 00 


2i hi3 

+0 19 
0 OO 


So iira 

+0 19 

0 00 


III, 28, ’ll 
Control 


Experiment 

Control 


Etpekiment with A.cid Gastric Jhice 

Gastric juice, 1 cc 
Cjtidin solution, 3 cc 

Hjdrochloric acid, 0 5 per cent, 1 cc 
Cytidin solution, 3 cc 

10 mla 24 lirs. 

4-0 19 4-0 19 

4-0 18 4-0 IS 


S5 hr. 
4-0 19 
-rO IS 


Experiment with -Ictivated Pincseatic Juice 


III, 29, ’ll 


Control 


Experiment 

Control 


Pancreatic juice, 1 cc 
Intestinal juice, 0 1 cc 
C>tidm solution, 3 cc 

Pancreatic juice, 1 cc 
Intestinal juice, 0 1 cc 
Phosphate solution, 3 cc 

to znlQ 24 hrs. 

4-0 52 4-0 52 

-0 OS -0 03 


ExpEniiiEvr n ini Ivtestinai- Juice 

IV, 1, ’ll Intestinal juice, 0 5 cc 

Cjtidin solution, 3 5 cc 

Control Intestinal juice, 0 5 cc 

Phosphate solution 3 5 cc 


m hr. 

-0 52 
-0 08 
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10 rain 72 hrs 96 hra 120 hrj 

ExperiDient -f-0 63 -j-0 63 -|-0 60 cloudy 

Control -0 02 -0 02 -0 02 -0 02 

None of the solutions m the cytidin e\periment3 reduced Fehling’s aolu" 
tion (at the end of the experiment) 


GUANYLIC ACID EXPERIHIENTS 
In physiological NaCl solution 
Experiment with NeutraIi Gastric Juice 


IV, 3, ’ll 
Control 


Experiment 

Control 


Gastric juice, 1 cc 

Sodium guanylate solution, 5 per cent, 3 cc 

Gastric juice, 1 cc 
Salt solution, 3 cc 

10 min 24 brs 

-0 31 -0 31 

0 00 0 00 


IV, 3, ’ll 
Control 


Experiment 

Control 


Experiment with Acid Gastric Juice 


Gastric juice, 1 cc 

Sodium guanylate solution, 3 cc 

Gastric juice, 1 cc 
Salt solution, 3 cc 


10 rain 24 lira 

-0 30 -0 29 

0 00 0 00 


120 hrs 
-0 31 
000 


120 hrs 

-0 29 
0 00 


Experiment with Unactivated Pancreatic Juice 


120 hrs 
-0 32 
-0 08 

Experiment m ith Activated Pancreatic Juice 

IV 3 ’ll Pancreatic juice, 1 cc 

Intestinal juice, 1 drop 
Sodium guanylate solution, 5 per cent, 3 cc 


IV, 3, ’ll 
Control 


Experiment 

Control 


Pancreatic juice, 1 cc 
Sodium guanylate solution, 3 cc 

Pancreatic juice, 1 cc 
Salt solution, 3 cc 


10 min 
-0 33 
-0 OS 


24 brs 

-0 32 
-0 08 
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Control (1) 

Pancreatic juice, 1 cc 

Intestinal juice, 1 drop (see cytidin experiment) 
Salt solution, 3 cc 


Control (2) 

Intestinal juice, 1 drop 

Sodium guanj late solution, 3 cc 

Salt solution, 1 cc 


Experiment 
Control (2) 

lOinlD 24 brs. 

-0 33 -0 30 

-0 31 -0 29 

120 his. 

-0 29 
-0 29 

In all the above experiments with guanyhe acid, the free phosphoric acid 
test as well as the free sugar test (Fehling’s solution) were negative (at the 
end of the experiment) 


Experiment with Istesti>iae Juice 


IV, 3, ’ll 

Intestmal juice, 0 5 cc 

Sodium guanj late solution, 3 cc 

Salt solution, 0 3 cc 


Control 

Intestinal juice, 0 5 cc 

Salt solution, 3 5 cc 


Experiment 

Control 

lOxnln IShrs. 40 hrs 

—0 33 cloudj —0 07 

0 00 0 00 0 00 

SObrj 

-0 07 

0 00 


Free phosphoric acid present. Did not reduce Fehling’s solution 
A precipitate was formed consisting of characteristic guanosm crjstals 
2 0 per cent solution of the air-drj precipitate m 10 per cent N'aOH 
showed a rotation of —0 72 m a 5 cm long observation tube With the orig- 
inal guanjhc acid under the same conditions the rotation was onlj —0 40 

PYRIMIDIN NtiCLEOTIDE EXPERIilENTS 

In physiological NaCl solution 

Experiment with Xeotrae Gvstric Joice 

III, 2S, ’ll Gastric juice, 1 cc 

Xucleotide solution, 3 cc 

Control (See Inosin experiments ) 


10 m\3x 

+0 42 


3ibxs. 

+0 42 


-rO 42 
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Experiment with Acid Gastric Juice 

III, 2S, ’ll Gastric juice, 1 cc 

Nucleotide solution, 3 cc 

Control (1) Gastric juice, 1 cc (see Inosin e\penments) 

Salt solution, 3 cc 

Control (2) Hydrochloric acid, 0 5 pei cent, 1 cc 
Nucleotide solution, 3 cc 

10 min 24 lira 48 hra H tra. 

E\periment +0 58 0 58 +0 57 dirk 

Control (2) +0 58 +0 58 +0 56 +0 55 

Experiment with Unactivated Pancreatic Juice 

III, 31, ’ll Pancreatic juice, 1 cc 

Nucleotide solution, 3 cc 

Control Pancreatic juice, 1 cc 

Salt solution (See Inosin e\perunent) 

10 min 24 hra 96 hra 120 hra 

+0 42 +0 43 +0 42 dark 

Experiment n ith Activated Pancreatic Juice 

III, 31, ’ll Pancreatic juice, 1 cc 
Intestinal juice, 1 drop 
Nucleotide solution, 3 cc 

Control Pancreatic juice, 1 cc 

Intestinal juice, 1 drop (see cytidin experiment) 

Salt solution, 3 cc 

10 min SShrs 120 hra 

+0 42 +0 40 dark 

The tests for free phosphoric acid and free sugar (Fehhng’s solution) 
negative at the end of all the above nucleotide experiments 

Experisient with Intestinal Juice 


IV, 11, ’ll Intestinal juice, 0 5 cc 

Nucleotide solution, 3 5 cc 


Control Intestinal juice, 0 5 cc (see guanyhc acid experiment) 

Salt solution, 3 o cc 


10 mla 

+0 19 


24 hra 

+0 17 


Free phosphoric acid present 


48 hra 72 hra 

+0 13 +0 13 

Did not reduce Fehhng’s solution 
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TEAST NUCLEIC ACID BXPEHIMENTS 

In physiological NaCl solution Reading at the room temperature 

Expekhievt v, ith XEuraAi. Gastsic J dice 

n’', 1, ’ll Gastric juice, 1 cc 

Sodium nuclemate solution, 10 per cent, 3 cc 

Control (1) Gastric juice, 1 cc (See guanybc acid experiment) 
Salt solution, 3 cc 


Control (2) Sodium nuclemate, 10 per cent 



lOznin 

21 bra 

72!>r3. 

IUhrs. 

les fan 

Experiment 

+4 25 

+3 50 

-f 3 20 

+3 00 

-h3 00 

Control (2) 

+5 75 

+5 60 

+5 55 

-f-5 40 

-{-5 35 


Free phosphoric acid absent Did not reduce Fehlmg’s solution Gla- 
cial acetic acid gave a heavy precipitate 


E'CPEBIlfE\T WITH Uvacttvated Panckeatic Jdice 

III, 2S, '11 Pancreatic juice, 0 5 cc 

Sodium nuclemate solution, 6 per cent, 3 5 cc 

Control (l) Pancreatic juice, 0 5 cc 
Salt solution, 3 5 cc 


Control (2) Sodium nuclemate, 6 per cent 



10 min. 

21 hj3 

13 his. 

S4far3 

lllhia 

Experiment 

+2 50 

+2 20 

+2 10 

t-2 02 

-r2 OO 

Control (1) 

-0 04 

-0 04 

-0 04 

-0 04 

-0 04 

Control (2) 

+2 90 

+2 so 

-r3 SO 

-r2 70 

-F2 70 


Free phosphoric acid absent Did not reduce Fehlmg’s solution. Gla- 
cial acetic acid gave a heavy precipitate 


ExpEaniEvr with icnvATED PA^CREATIC Juice 

IV, 1 ’ll Pancreatic juice, 1 cc 

Inteatmal juice, 0 005 cc 

Sodium nuclemate solut ion, 10 per cent, 3 cc 

Control (1) Pancreatic juice, 1 cc 

Intestinal juice, 1 drop (See cjtidm experiment) 
Salt solution, 3 cc 

Control (2) Intestinal juice, 0 005 cc 

Sodium nuclemate, 10 per cent, 3 5 cc 
Salt solution, 0 5 cc 
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Control (3) Sodium nucleinate, 10 per cent (See gastric juice experi- 



ment) 





Experiment 
Control (2) 

10 min 
-1-4 32 
-1-4 93 

24 hra 

-f 3 70 
-1-4 85 

72 hra 

-1-3 45 
-f 4 60 

144 hra 

-f3 48 
-1-4 50 

168 hra 
-f3 48 
+-i 50 


Free phosphoric acid, Fehling’s solution, glacial acetic acid tests as in 
the precedent experiment 

Experiments with Intestinal Juice 
Experiment I 

III, 28, ’ll Intestinal juice, 0 1 cc 

Sodium nucleinate, 6 per cent, 3 9 cc 

Control (1) Intestinal juice and (See guanylic acid experiment) 

Salt solution 

Control (2) Sodium nucleinate, 6 percent (See experiment with pan- 
creatic juice) 

10 min 24 hra 48 hra 96 hra 144 hra 200 hra 

+2 75 -i-1 44 -fl 15 -hO 80 +0 60 -i-0 60 

Free phosphoric acid present Did not reduce Fehling’s solution Gla- 
cial acetic acid gave no precipitate 

Experiment II 

IV, 1, '11 Intestinal juice, 0 5 cc 

Sodium nucleinate solution, 10 per cent, 3 5 cc 

Control (1) Intestinal juice, and 

Salt solution (See guanylic acid experiment) 

Control (2) Sodium nucleinate, 10 per cent (See experiment w ith gas- 
tric juice) 

10 min 24 hra 72 hra 144 hra 168 hra 

-f4 70 -j-1 88 -f-1 40 +0 90 +0 83 

Free phosphoric acid, Fehling’s solution, glacial acetic acid tests as m 
the precedent experiment 

THYMUS NUCLEIC ACID EXPERIMENTS 
In physiological NaCl solution Reading at the room temperature 
Experiment with Neutral Gastric Juice 


III, 28, ’ll 


Gastric juice, 1 cc 

Sodium nucleinate, 5 per cent, 3 cc 
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Control (I) Gastric juice, and 

Salt solution (See guanylic acid experiment ) 

Control (2) Sodium nuclemate. 5 per cent 

10 min 21 bra 72 bra. lUhra 

Experiment +1 08 +1 06 -^1 05 +1 06 

Control (2) +1 45 -j-l 45 -rl 44 +1 44 

H>drociiloric acid gave a heavy precipitate 

Expebuient xvith Ux activated pAxcnEixic JtncE 

rV, 7, ’ll Pancreatic juice, 1 cc 

Sodium nuclemate, 4 5 per cent, 3 cc 

Control (1) Pancreatic juice, and 

Salt solution (See guanylic acid experiment ) 

Control (2) Sodium nuclemate solution (See experiment with gastric 
juice ) 

10 min 24 hra 72 hrs 120 hra 

-fO 98 -fO 98 4-1 00 4-1 00 

Hydrochloric acid gave a heavy precipitate 

ExPEROiEvr WITH .4cTrvATED Paxcbeatic Juice 

IV, 7, 'll Pancreatic juice, 1 cc 

Intestmal juice, 0 1 cc 
Sodium nuclemate, 4 5 per cent, 3 cc 

Control (1) Pancreatic juice, mtestinal juice, and 
Salt solution (See cytidm experiment ) 

Control (2) Sodium nuclemate solution (See experiment with gastric 
juice ) 

10 mta 21 bra 72 bra IW bra. 

+0 9S +I 00 +1 02 +1 02 

Hydrochloric acid gave a heavy precipitate 

Expebimevt with Intesttval Juice 

IV, 5, ’ll Intestmal juice, 0 5 cc 

Sodium nuclemate, 4 5 per cent, 3 5 cc 
Control (1) Intestmal juice, and 

Salt solution (See guanylic acid experiment ) 

Control (2) Sodium nuclemate solution (Seeexpenmentwithgastnc 

juice) 

lOmio 21bra. 72 bra SShra lUbrs. lOObri. 

+1 18 +1 17 +1 06 +0 90 +0 SO +0 70 

Hydrochloric acid gave no precipitate Free phosphoric acid present 
Did not reduce Fehling’s solution 
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Second Paper 

BtP a LEVENEan-dF MEDIGRECE ANTE 

{From the Laboratorxes and the Hospital of the Rockefeller Institute for Medical 
Research, New York ) 

(Received for publication, April 28, 1911 ) 

In a previous commurucation on the same subject^ the present 
writers reached the conclusion that the plasma of most of the 
organs of the dog contamed enzymes which were capable of 
hydrolyzing nucleotides into nbose and a purin base Such an 
enzyme was absent in the pancreatic gland The pancreatic gland, 
hou ever, possessed an enzyme which was capable of brmging about 
the detachment of phosphoric acid from the molecule of guanvhc 
acid The other organs contained enzymes capable of dismte- 
gratmg inosmic and guanylic acids into their simple components 
At the time of that mvestigation the impression w as gamed that 
the complete dissolution of the molecules was simultaneous 
without the formation of any intermediary complexes The 
organs also contained enzymes which were capable of bnngmg 
about the cleavage of complex nucleic acids, such as the yeast 
nucleic acid However, the extent of the change brought about m 
the molecule of these acids could not be ascertained with certainty 
The organs apparently lacked enzymes capable of hydrolyzing 
pynmidm complexes 

The view regarding the character of the alteration of guanjhc 
acid, under the influence of pancreatic extract, was not considered 
conclusive The character of the alterations produced by the 
plasma of vanous tissues on the thymus and on the yeast nucleic 
acids was also insufficiently explained The cause for this lack 

* Levene and Medigreceanu This Journal ix p 65,1911 
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of definite information lay partly in the complexity of the chemical 
stiucture of these acids, and also in the fact that at the time of 
that investigation the pynmidin nucleotides had not yet been 
obtained, and therefore, the action of the tissue extracts on those 
complexes could not be ascertained 
Simultaneously with our first commumcation there appeared 
two publications by Walter Jones ^ Eegarding the action of the 
pancreatic gland on guanylic acid the views of this writer harmon- 
ize with the view expressed m our first publication, and previously 
indicated by Levene and Jacobs The same writer has proven 
also that in course of nuclein fermentation the purin bases may 
undergo desamidation without becoming detached from their 
sugar complex ^ 

The present work was planned to fill the gaps left open in the 
previous investigation Additional experiments were performed 
on guanylic acid Further, observations were made on cytidin 
and undin nucleotides, and new experiments were made on yeast 
and thymus nucleic acids ^ 

Also in the present work the changes in the optical rotation of 
the nucleic acid solutions served as a basis for the analysis of the 
character of the alterations brought about by the action of the 
enzymes However, it was found advantageous to supplement 
the optical measurements by chemical tests They consisted m an 
analysis for free phosphoric acid and for free reducing sugar The 
organs of the dog exclusively were employed in all present experi- 
ments, as well as in those reported in the first commumcation 
The optical measurements were performed in the same manner 
as described in the first paper of this series 
The presence of free phosphoric acid was ascertained in the fol- 
lowing manner The solution was cooled in a freezing mixture 
and treated with ammonium molybdate solution as long as a pre- 
cipitate formed This amorphous, flocculent, white precipitate 
consisted of compounds of nucleic acid or nucleotides To the 
filtrate ammonia water was added, the solution again cooled in a 

‘ Walter Jones This Journal, i\, pp 129, 169, 1911 
- There has also appeared a communication by Juschtschenko on Nucleases, 
but the work has no bearing on our problem, Biochem Zeitschr , \\\i, 1911 
^ The present investigation was nearly completed at the time of the pub- 
lic ition of the articles by Professor Jones 
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freezing mature, and acidulated by means of nitric acid In the 
presence of free phosphoric acid the typical yellow precipitate 
formed 

The test for free sugar was made by means of Fehhng's solution 
In the presence of purins and free sugar the white precipitate of 
the cuprous salt of punns formed 
In all experiments control tests were performed on the enzyme 
solutions, and on the solutions of the nucleic acics or of the nucleo- 
tides 

The results of the present investigation lead to the following 
conclusions 

Giianylic Acid In the prev lous communication it was recorded 
that in the experiments with guanj he acids there w as encountered 
frequently a great difficulty m obtaimng accurate measurements 
of the optical rotation of the solution, for the reason that soon 
after the addition of the enzyme a turbidity appeared in the solu- 
tion On continued standmg the turbidity developed mto a crys- 
talline precipitate The precipitate consisted of free guanosin 
This was estabhshed on the ground of the character of the crys- 
talline appearance of the precipitate, and on the fact that a solution 
of the precipitate in dilute alkali possessed a higher rotatorj pow er 
than the ongmal solution of guanyhc acid 
Through the action of the plasma of the pancreatic gland the 
digestion did not proceed beyond the stage of guanosm formation 
The products of the action of the enzjmes of that gland w ere phos- 
phoric acid and guanosin 

The earlier finding by Levene and Jacobs* of free guanosin in 
the pancreatic gland is readily interpreted on the basis of the pres- 
ent experiments 

Under the influence of the extract of the intestinal mucosa, the 
following substances were formed guanosin in form of a cr3 stal- 
hne deposit, phosphoric acid, and free ribose The presence of 
the latter was demonstrated by means of Fehhng’s solution 
Guanosin was identified by its rotatory power and by the char- 
acter of the crystalline appearance of the precipitate 
Onthebasis of these observations one is justified in assuming that 
the first phase in the cleavage of guanyhc acid by means of the 


' Le\ene and Jacob-, Btochcm Zeil'.chr vwm p 127,1910 
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extract of the intestinal mucosa consists in the detachment of 
phosphoric acid from guanosm and the second phase consists in 
the hydrolysis of the nucleoside into sugar and purm base 
Pynmidin nucleotides An equimolecular mixture of two nucleo- 
tides obtained from the yeast nucleic acid was employed in the 
present experiments Their composition is expressed by the fol- 
lowing formulas 

OH^ OHv^ 

0= P - O - C 9 Hu Ni Os and O = P - 0 - €» Hu Nj 0, 

OH^^ OH-^ 

It was noted by Levene and Jacobs that these nucleotides possessed 
a greater resistance against the influence of chemical hydrolytic 
agents than the purin nucleotides The present experiments re- 
vealed an analogous behaviour of these complexes towards the 
action of nucleolytic enzymes 

Only the extract of the intestmal mucosa and the plasma of the 
kidney manifested a hydrolytic action on the pynmidin nucleo- 
tides, and this was limited to a detachment of the phosphoric acid, 
the organic complex remaining imdisturbed 

Owing to the compaiatively low rotatory power of the solutions 
and to the slow velocity of the reaction the changes could not be 
detected by the optical method, and were demonstrated only by 
the appearance of free phosphoric acid in the solutions 

In none of the experiments did the solutions acquire the power 
to reduce Fehling’s solution 

Yeast Nucleic Acid This substance is composed chemically 
of at least four nucleotides, two of them containing purm-ribosides, 
and two of them containing pynmidin complexes The intact 
substance is insoluble in water, and is precipitated from the aqueous 
solution of its soluble salts by means of an excess of glacial acetic 
acid On the other hand all known mono-nucleotides are soluble 
in water 

Under the influence of all extracts or plasma of the organs a 
solution of the sodium salt of this acid manifested the followmg 
alterations first, a marked fall in the optical rotatory power, sec- 
ond, a change in its solubility, so that it no longer could be com- 
pletely precipitated from the solution by means of glacial acetic 
acid On addition of this reagent, often there appeared only a 
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slight opalescence, m the experiments ^\^th some organs a turbid- 
ity, or only a slight precipitate, w hile in the control always a heavy 
precipitate was formed In the previous communication the 
results of the analysis of the optical changes of the yeast nuc’eic 
acid were compared with those of its simpler fragments, if treated 
in the same maimer The conclusion was reached that even if 
the nucleic acid were to undergo disintegration mto phosphoric 
acid, purin bases, d-nbose, cytidm and uridin, the solution of 
the split products would remain dextrorotatory, as was the ongmal 
solution of the sodium salt of the nucleic acid 
In the present expenments evidence was secured to the effect 
that through the action of the intestinal mucosa on yeast nucleic 
acid, phosphoric acid, d-nbose, punn bases, and other complexes 
are formed However, it was not possible to demonstrate that the 
acid underwent the same degree of cleavage under the influence 
of the enzymes contained m the plasma or extracts of other organs 
It is possible that in the expenments in which the alterations were 
limited to those m the optical rotation and solubility, the cleav- 
age did not proceed beyond the formation of mono-nucleotides 
Thymus Nucleic Aad similarly to the yeast nucleic acid belongs 
to the group of complex acids There exist, however, decided 
differences m the chemical properties of the two substances From 
the expenments, as yet unpublished, of Levene and Jacobs it has 
become evident that the phosphoric acid in the thymus nucleic 
acid cannot be detached with the same readiness as it is m the 
yeast A similar difference is noticed between the two acids in 
their behavior towards enzymes 

Similarly to the yeast nucleie aeid the thymus acid is insoluble, 
and IS precipitated from a solution of its soluble salts bj hydro- 
chlonc acid, though not by acetic 
The pnncipal changes brought about in the thymus acid by the 
tissue enzymes consisted m a lowering of the optical rotation and 
an increase m its solubility, so that hydrochloric acid failed to 
cause its precipitation Liberation of phosphonc acid was 
demonstrated only in the expenments with the extract of the 
intestinal mucosa All of these changes were brought about at a 
decidedly lower mtensity than m the yeast nucleic acid 
In none of the experiments could the formation of free purins 
or of free sugar be detected 



394 


On Nucleases 


It 13 therefore possible, that under the conditions of the present 
experiments thymus nucleic acid is not hydrolyzed beyond the 
phase of the formation of nucleotides Only by the action of 
the extract of the intestmal mucosa did the cleavage extend to the 
liberation of phosphoric acid, and therefore, to the formation of 
nucleosides However, the intensity of the reaction is very low 

SUMMARY 

It has been known for some time, prmcipally owing to the beau- 
tiful investigations of Walter Jones and his co-workers, that the 
final oxidation of the purin bases is the result of the graded action 
of several specific enzymes Schittenhehn was led to the same 
conclusions Very recently Jones demonstrated the existence 
of specific nucleoside-desamidases On the ground of the present 
observations made on the action of tissue enzymes and of the en- 
zymes of the gastro-mtestmal tract on nucleic acids, the conclu- 
sion seems justified, that there exist in the organism several en- 
zymes, which act harmoniously, leading to the disintegration of 
nucleic acids 

The function which hitherto has been ascribed to the “Nuclea- 
ses” IS in reality performed by at least three enzymes, or rather 
three groups of enzpmes, which have to be designated by special 
names The part of each enzyme is to rendei the nucleic acid 
molecule susceptible to the action of one of the other enzymes, 
thus producing successive disintegration 

Yeast nucleic acid is a polynucleotide of the following structure 


OH 


\ 

0 = P 


K 
= ] 

< 


O = P 
0 


o 


OH 


0 = P 
/ 
\ 

0 = P 


O Cs Hs Oj Cs H4 Ns 

O Cs Hs Oj Cs Hj Ns O 
0 CsH, O, C^H, NiO 
0 Cs fla 0, Cl Hs Ns Os 
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It has not yet been definitely proven that the union of the indi- 
vidual nucleotides is brought about by the anhydride formation 
of the phosphoric acid, but it is certain that the four nucleotides 
are condensed m one molecule In the process of dismtegration 
these nucleotides are again detached The plasma of some 
organs contam only the enzymes that are capable of bnnging about 
this change but none of the other changes Jones* has shoivn re- 
cently that the purin bases may be desamidized before the nucleo- 
side 13 cleaved mto its final components Thus, some organs may 
contam only certam nucleases and at the same time certain 
desamidases It may be found convement to designate as 
Nudetnasea the enzymes causmg the dissolution of the nucleic acid 
molecule into nucleotides As yet it is not certain whether the 
thymus nucleic acid and the yeast acid are cleaved mto nucleo- 
tides by the same enzyme Nudeinase is present practically in 
all organs, and zn the pancreatic juice It is absent in the gastnc 
juice 

Nudeoitdes are composed of phosphonc acid and orgamc com- 
plexes formed through condensation of a carbohydrate and a base, 
and may be expressed m the following maimer 

0 = P — 0 Cs Ha Oj CaHa I^aO -J" HjO = Hj POa + Cio Hii Ha Oa 

OE'^ 

Guanylio Acid Guanosm 

A partial hydrolysis of this complex may lead to the formation of 
either carbohydrate-phosphonc acid and base, or of phosphonc 
acid and carbohydrate-base complex The former type of hydro- 
lysis was never observed m the experiments on the action of the 
enzymes on nucleic acids The other type of reaction has appeared 
most stnkmgly m the expenments where the dissolution did not 
proceed beyond that stage, as for instance m the expenments with 
pancreas plasma and with the mtestinal juice of the dog The 
enzymes perforrmng this cleavage may be referred to as Nudeoti- 
dases They are present m the plasma of all organs, and m the 
intestinal juice, they are absent from the gastnc and pancreatic 
juices 

Also m regard to nudeotidases the possibility is not excluded that 
there exists more than one enzyme of the same group, and this for 

' W Jones This Journal, ix, p 169, 1911 
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the following reasons From the work of Levene and Jacobs it 
has become apparent that the union of the phosphoric acid with 
the organic complex is of a different stability in different nucleo- 
tides It is least stable in the guanylic acid and in the purm 
nucleotides of the yeast nucleic acid It is more resistant in the 
pyrimidin nucleotides of the yeast nucleic acid and in the inosimc 
acid, and it is most resistant in the thymus nucleic acid In ac- 
cordance with this gradation in the stability of the nucleotides 
towards chemical agencies, there is noted a very decided dis- 
tinction in their behavior towards enzymes Thus, guanylic acid is 
hydrolyzed readily into phosphoric acid and guanosin by the 
plasma of the pancreatic gland, whereas there could not be 
ascertained the occurrence of the analogous cleavage of inosmic 
acid, of pyrimidm nucleotides, nor of the complex nucleic acids, 
through the action of the same plasma On the other hand the 
cleavage takes place in all nucleotides under the action of the 
extract of the intestinal mucosa This may give some foundation 
for the assumption of the existence of more than one nucleotidase 
Nucleosides are purm ribosides of the following structure 

HHHH- 

C Ho 0 H - C - C -C -C -Cs Hi Ns Oi d- H.O = Cs Hio Os - Cs Hs NsO 

I OH OH I 


Under the influence of mineral acids nucleosides are readily hydro- 
lyzed into their components The same cleavage can be brought 
about by the action of enzymes present in the plasma of most 
of the organs tested in that direction This enzyme is absent 
in the plasma of the pancreatic gland, and in gastric, pancreatic and 
intestinal juices Since this reaction is brought about by an en- 
zyme diffei ent from the other nucleoly tic enzymes, it may be proper 
to refer to it under the name of Nucleosidase 
Pynmidin Complexes Comparatively little information is 
obtained regarding the mechanism through which these sub- 
stances undergo disintegration m the animal organism The only 
evidence of the possible existence of enzymes bunging about 
cleavage of these complexes may be found in the older observation 
of Levene, that in course of prolonged autolysis of organs, free 
pyrimidins are formed 
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GUiNYLIC ACID EVPEHIMENTS 

In physiological NaCl solution 

Experiment with Extract of Iviestin^l Mucosa 

I, 17, 'll Enzyme solution, 1 cc 

Sodium guanylate, 6 per cent, 3 cc 


Control Enzyme solution, 1 cc 

Physiological salt solution, 3 cc 



10 mlQ 

4 hra 

24 hra 

43 brs 

72 hre 

Experiment 

-0 43 

-0 34 

-0 20 

-0 25 

-0 23 

Control 

0 02 

-0 02 

-0 02 

-0 02 

-0 02 


Free phosphoric acid present Reduced Fehling’s solution 


E’CPERurEvr with Pancreas Plasma 


IV, 7, 'll 

Enzyme solution, 1 cc 

Sodium guanj Late, 3 per cent, 3 cc 
(Reaction slightly alLalme) 



Control 

Enzyme solution, 1 cc 
Physiological salt solution, 3 cc 



Experiment 

Control 

10 min 2 his 

—0 30 Cloudy 

+0 08 +0 03 

4S hra 
-0 20 
+0 03 

9S hia 
-0 20 
+0 08 


A precipitate was formed consisting of characteristic guanosin cristah 
Free phosphoric acid present Did not reduce Fehling’s solution 
A 2 5 per cent solution of the air-dry precipitate in 10 per cent XaOH 
showed a rotation of —0 72 m a 5 cm long observation tube ith 
the origmal guanylic acid under the same conditions the rotation was onlj 
-0 40 

PYRIillDIV NUCLEOTIDE EXPERIMENTS 

In physiological NaCl solution 

Experiment w ith Extract of Intestin al Mucos a 

rV, 15, ’ll EnzjTne solution, 1 cc 

Nucleotide solution, 3 cc 

Control Enzyme solution, 1 cc 
Salt solution, 3 cc 

30 mtn 2\ hia 43 hra 92 brs 

Experiment -fO 20 Cloudy +0 12 +0 12 

Control 0 00 0 00 0 00 OOO 

Free phosphoric acid present Did not reduce Fehling’s solution 
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Experiment with Pancreas Plasm.i. 

IV, 15, ’ll Enzyme solution, 1 cc 

Nucleotide solution, 3 cc 

Control Enzyme solution, 1 cc 
Salt Solution, 3 cc 

10 min 2i hra 

Experiment +0 20 +0 18 

Control +0 08 +0 07 

Free phosphoric acid absent 


IV, 15, ’ll 


Control 


Experiment 

Control 


Experiment with Liver Pi/Xsmi 

Enzyme solution, 1 cc 
Nucleotide solution, 3 cc 

Enzyme solution, 1 cc 
Salt solution, 3 cc 


10 min 
+0 20 
+0 30 


24 hr3 
+0 18 
+0 30 


90 hrs 
+0 16 
+0 30 


Free phosphoric acid doubtful 


IV, 15, ’ll 


Control 


Experiment 

Control 


Experiment with Kidnex Plasma 

Enzyme solution, 1 cc 
Nucleotide solution, 3 cc 

Enzjmie solution, 1 cc 
Salt solution, 3 cc 

10 min 24 brs 

+0 20 CIoud> 

-0 04 -0 04 


144 hra 
+0 18 
+0 07 


144 hrs 
+0 16 
+0 30 


96 brs 
+0 10 
-0 04 


I'lec phosphoiic acid piesent Did not reduce Fehling’s solution 
Experiment with Heirt Muscle Plasm \ 


IV, 15, ’ll Enzjine solution, 1 cc 
Nucleotide solution, 3 cc 


Control 


Experiment 

Control 


Enzjme solution, 1 cc 
Salt solution, 3 cc 


10 min 
+0 20 
-0 02 


24 hra 

cloudy 

cloudy 


06 hra 
+0 18 
-0 02 


144 hra 
+0 10 
-0 02 


Free phosphoric acid absent Did not reduce Fehling’s solution 
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Experiment i\itu Blood Serdm 


IV, 15, '11 

Blood serum, 1 cc 
Nucleotide solution, 3 cc 



Control 

Blood serum, 1 cc 

Salt solution, 3 cc 




10 min 

21 his 

lit hi9 

Experiment 

+0 19 

+0 19 

+0 18 

Control 

-0 32 

-0 32 

-0 32 

Free phosphoric acid absent 




Experiment with Hemolyzed Blood 



(IVith ether and distilled water) 


IV, 15, '11 

Blood, 1 cc 

Nucleotide solution, 3 cc 



Control 

Blood, 1 cc 

Salt solution, 3 cc 




10 min 

24 hrs 

m fcrs 

Experiment 

+0 20 

+0 21 

+0 20 

Control 

0 00 

cloudy 

0 00 


Free phosphoric acid absent 

TBA3T NUCLEIC ACID EXPERIMENTS 
In physiological XaCl solution Readings at room temperature 
Experiment with Extract op Ixtestin4L Mucosa 

IV, 8, '11 Enzyme solution, 0 5 cc 

Sodium nucleinate, 6 per cent, 3 cc 
Salt solution, 0 5 cc 

Control (1) Enzyme solution, 0 5 cc 
Salt solution, 3 5 cc 


Control (2) 

Sodium nuclemate, 6 per cent 




10 min 

24 hrs 

13 hi3 

96 hrs 

lQ2 hrs 

Experiment 

+2 38 

+1 30 

+1 00 

+0 60 

+0 60 

Control (1) 

0 00 

0 00 

0 00 

0 00 

0 00 

Control (2) 

+3 35 

+3 25 

+3 25 

+3 12 

+3 12 

Free phosphoric acid 

present 

Reduced Fehlmg 

's solution 

Glacial 


acetic acid gave no precipitate 

Expebimekt t\ith Pancreas Plasm i. 

rv, 18, ‘11 Enzyme solution, 1 cc 

Sodium nuclemate, 6 per cent, 3 cc 
Control (1) Enzyme solution, 1 cc 
Salt solution, 3 cc 
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Control (2) Sodium nuclemate, 6 per cent, see preceding experiment 



10 mtn 

24 hrs 

48 hrs 

96 hrs 

192 hra 

Experiment 

+2 45 

4-2 10 

4-1 90 

4-1 60 

4-1 40 

Control (1) 

+0 08 

4-0 08 

4-0 OS 

4-0 OS 

4-0 OS 


Glacial acetic acid gave a slight precipitate Free phosphoric acid ab- 
sent 

Experiment with Liver Plasma 


IV, 8, '11 Enzyme solution, 1 cc 

Sodium nuclemate, 6 per cent, 3 cc 

Control (1) Enzyme solution, 1 cc 
Salt solution, 3 cc 

Control (2) Sodium nuclemate, 6 per cent, see experiment with extract 
of intestinal mucosa 



10 min 

24 hra 

48 hra 

96 hrs 

192 hrs 

Experiment 

4-2 45 

4-1 38 

4-1 25 

4-1 40 

4-1 35 

Control (1) 

4-0 30 

4-0 30 

4-0 30 

4-0 30 

4-0 30 


Free phosphoric acid absent Glacial acetic acid gave a slight precip- 
itate 

Experiment with Kidney Plasma 


IV, 8, '11 Enzyme solution, 1 cc 

Sodium nuclemate, 6 per cent, 3 cc 

Control (1) Enzyme solution, 1 cc 
Salt solution, 3 cc 

Control (2) Sodium nuclemate, see experiment with extract of intestinal 
mucosa 



10 min 

2 ^ hrs 

48 hrs 

96 hrs 

192 hrs 

Experiment 

4-2 40 

cloudj 

4-1 45 

1 25 

4-1 25 

Control (1) 

-0 06 

cloudy 

-0 05 

-0 05 

-0 05 


Glacial acetic acid gave a slight precipitate Free phosphoric acid 
absent Did not reduce Fehliug’s solution 


Experiment with Heart Muscle Plasm x 


IV, 8, '11 Enzyme solution, I cc 

Sodium nuclemate, 6 per cent, 3 cc 

Control (1) Enzyme solution, 1 cc 
Salt solution, 3 cc 

Control (2) Sodium nuclemate, see experiment with extract of intestinal 
mucosa 

10 min 24 lira 48 hia 98 hrs 192 hn 

Experiment -f-2 42 -f-1 65 +1 52 +1 20 +0 08 

Control (1) -0 02 -0 02 -0 02 -0 02 -0 02 

Glacial acetic acid gave a very slight precipitate Free phosphoric acid 
absent Did not reduce Fehlmg’s solution 



P A Levene and F Medigreceanu 


401 


ExPEBIUE NT « ITH BLOOD SeBITU 

R'', 8 , ’ll Blood serum, 1 cc 

Sodium nucleinate, 6 per cent, 3 cc 

Control (1) Blood serum, 1 cc 
Salt solution, 3 cc 

Control ( 2 ) Sodium nucleinate, see experiment with extract of intestinal 
mucosa 



10 min 

24 hi3 

43 hre 

gs hm 

192 hra 

Experiment 

+2 40 

+1 47 

-rl 37 

+1 17 

+1 05 

Control (1) 

-0 32 

-0 32 

-0 32 

0 32 

-0 32 


Free phosphoric acid abaent 

Expebiment n ITH Hemolized Blood 
(With ether and distilled water ) 

IV, 8 , ’ll Blood, 1 cc 

Sodium nuclemate, 6 per cent, 3 cc 

Control ( 1 ) Blood, 1 cc 

Salt solution, 3 cc 

Control (2) Sodium nuclemate, see experiment with extract of mtestmal 
mucosa 

10 mtn- 24 hts 95 hrs 192 hrs 

Experunent +2 35 +2 IS +2 20 +2 05 

Control 0 00 0 00 dark dark 

Free phosphoric acid absent 

THTJIUS NTJCIEIC ACIU EXPEPIJIENTS 
In physiological NaCl solution Readings at room temperature 
Expebimext with Extbact of IjrrESTLNXL Mucosa 

rV, 8, ’ll Enz 3 Tne solution, 0 5 cc 

Sodium nuclemate, 5 per cent, 3 5 cc 

Control* (1) Enzyme solution, and 

Salt solution, see the experiment with yeast nucleic acid 

Control* ( 2 ) Sodium nucleinate, 5 per cent 

10 min. 24 hrs 72 hra 144 bn 

Experiment +1 20 +0 85 +0 77 +0 70 

Control ( 2 ) +1 36 +1 35 +1 34 +1 35 

Free phosphoric acid present Did not reduce Fehling’s solution 
Hydrochloric acid gave a precipitate 

* For the controls — enzyme and salt solution — see the corresponding 
experiments with yeast nucleic acid 

* This control holds good for all the thymus nucleic acid experiments here 
mentioned 
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Experiment with P\ncrea.s Plasma 

IV, 8, ’ll Enzyme solution, 1 cc 

Sodium nuclemate, 5 per cent, 3 cc 

10 inln 21 hn 48 hra 

+0 94 +0 27 +0 20 

Hydrochloric acid gave a very slight precipitate 

Experiment with Liver Pl4.sma 

IV, 8, '11 Enzyme solution, 1 cc 

Sodium nuclemate, 5 per cent, 3 cc 

10 min 24 hi3 06 hra 

+1 00 +0 95 +0 95 

Hydrochloric acid gave a heavy precipitate 


144 hc3 
+0 20 


144 hra 
+0 90 


Experiment with Kidney Plasma 


IV, 8, ’ll Enzyme solution, 1 cc 

Sodium nuclemate, 5 per cent, 3 cc 

10 min 24 hrs 96 his 

+1 00 cloudy +0 60 

Hydrochloric acid gave a slight precipitate 
doubtful Did not reduce Fehling’s solution 


193 hrs 

+0 30 

Free phosphoric acid 


Experiment with Heart Muscle Plasma 

IV, 8, ’ll Enzyme solution, 1 cc 

Sodium nuclemate, 5 per cent, 3 cc 


10 min 24 hrs 193 hrs 

+1 00 +0 95 +0 94 


Hydrochloric acid gave a heavy precipitate Free phosphoric acid 
absent Did not reduce Fehling’s solution 


Experiment with Blood Serum 


IV, 8, ’ll Blood serum, 1 cc 

Sodium nuclemate, 5 per cent, 3 cc 


10 min 24 hra 

+0 98 +0 95 


Hydrochloric acid gave a heavy precipitate 
absent 


192 hrs 
+0 90 

Free phosphoric acid 



A CRITICAL STUDY OF THE PROCESS OF ACID 
EXCRETION 1 

By LAWRENCE J HENDERSON 

(JPTom the Laboratory of Biological Chemistry of the Harvard Medical 

School ) 

(Received for publication, May 9, 1911 ) 

The right working of physiological processes depends upon accu- 
rate adjustment and preservation of physicoHihemical conditions 
within the organism Three such conditions, temperature, molecular 
concentration, and neutraUty are now known to be mcely adjusted 
and mamtamed, adjusted by processes gomg on m the body, mam- 
tained by exchanges with the environment This paper is con- 
cerned with the physiological processes whereby the normal re- 
action of the body flmds, through regulation of the excretion of 
acid and basic matenal, is permanently mamtamed 
Throughout the animal body, while hfe exists, there occurs a 
regular formation of acid substances, excretory products of me- 
tabohsm As they form, these various matters, carbonic acid, sul- 
phuric acid, and phosphoric acid m the main, immediately com- 
bme, but only partially, accordmg to their several avidities, with 
the basic constituents of protoplasm and blood In pathological 
conditions great quantities of acetoacetic acid and /3-oxybutyric 
acid may be produced and claim their share of base Thus, 
through resulting changes m equdibna between bases and acids, 
normal metabolism steadily operates to lower the unvarymg alka- 
line reaction® of the body This tendency is held sharply in check 

* The substance of this paper was presented at the Eighth International 
Physiological Congress, Vienna, September, 1910 
’ Or neutrality The terms may be used interchangeably for an alkalin- 
ity which IS so slight The reaction at 18“ is actually that of a sodium hy- 
drate Solution of strength 0 OOOOOOSx, contaming 0 000012 gm NaOH per 
liter 
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by special protective mechanisms, acting coordinately, m cooper- 
ation and regular succession 

The chemical reactions whereby such material is first neutral- 
ized, the chemical substances which aid in neutralization, the shares 
of more important substances in the process, and their eflBciency, 
the changes m chemical equilibria, including resulting changes 
in hydrogen and hydroxyl ion concentrations, all, so far as they 
concern true solution, are known with a fair approach to certainty * 
Principally this work of neutralization is done by salts of phos- 
phoric and carbonic acids, with aid from the amphoteric proteins - 
In simplified form the process may be represented by the two reac- 
tions, M2HPO4 + HA = MA + MHsPO^, MHCO3 + HA = 
MA -{- H2CO3, where M stands for any basic radical, A for aiiv 
acid radical Other less important simultaneous reactions are of 
the same type, except perhaps the union of the weak acids with 
basic proteins like globine, and the union of bases with more acid 
proteins Through the remarkable circumstance that phosphates 
and carbonates possess, among all known chemical substances, 
the highest power to preserve neutrality m solution,’’ this function 
IS so well performed that the alkaline reaction of the body scarcely 
varies, even when the load upon the mechanism is heavy 

But, however efficient such an arrangement may be, it is of its 
very nature only the first stage in the process of the excretion of 
acid, and wholly dependent upon constant support by the kidney, 
and of course upon a supply of alkali m the food Regularly, as 

’ L J Henderson The Theory of Neutrality Regulation in the Animal 
Organism, American Journal of Physiology, \\i, p 427, 1908, and Ergebnisse 
der Physiologic, Das Gleichgewicht zwischen Basen und Saurenim tienschcn 
Organismus, viii, p 254, 1909 See also Robertson this Journal, vii, 
p 351, 1910 

’ L J Henderson On the Neutrality Equilibrium in Blood and Proto- 
plasm, this Journal, vii, 29, 1909, and T Brailsford Robertson loc cil 
These two papers clearly show that the serum proteins are of considerable 
secondary importance m the process, through variation in the amount of 
alkali which they bind Probably the major part of the protein content of 
the body is similar to these substances in power to combine with alkali 
in solution What may be the case with undissolved proteins, through hete- 
rogeneous equilibrium and adsorption phenomena, ne cannot say In this 
connection one naturally thinks of the acid nucleoproteins 

’ L J Henderson American Journal of Physiology, wi, p 173, 1908 
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they form, the acid bodies must be afforded alkali by blood and 
protoplasm, for every mole of carbomc acid about 0 93 mole of 
alkali, for every mole of phosphoric acid about 1 89 moles of alkah, 
and for every mole of sulphuric acid 2 00 moles of alkah, m accord- 
ance with chemical laws and the normal reaction of the body' 
Clearly therefore this neutrah^ation must rest upon physiological 
processes which serve to reestabhsb the original conditions, for if 
such great amount of alkali were discharged from the body with 
the acid excretory substances, the organism would lose its protec- 
tion and acidity would speedily ensue throughout the system 
Thus an imperative necessity arises for the retention of a part of 
the alkali which serves as a carrier m the process of removmg acid 
from the body Of course the necessary magnitude of such alkah 
retention by the kidney vanes with the net amount of alkah in- 
gested and with the acid formation of the body 
Fortunately carbonic acid, because of its very weak acidity, 
may readily be liberated from chemical combination Its easy 
conversion into gaseous carbon dioxide then permits it to leave the 
body in the free state, though not without the intervention of a 
remarkable chemical mechanism’ whereby acid is provided to 
combine m blood plasma in the lung capillanes with the alkah 
which in transport has been combined with the carbomc acid 
Thus no difficulty exists with the excretion of this chief acid pro- 
duct of metabolism, and the store of alkah which serves for its 


' In the general equation for such equihbria (H) = — X rr-r , I-hJo, 

-r NaA 

132 X lO"^, Ih-cojIS 3 X 10~', and-y (the degree of ionization of the salt) 
IS about 0 8 The hydrogen ion concentration of blood is 0 3 X 10~’ It 
follows that at 18° 


0 3X10-’ = ^^^^X 
08 

whence 


NaHtPO< 
Na HPO. 


and 0 3 X 10“’ = 


3 X IQ-’ H,CO, 

0 8 ^NaHCOi 


NaHjPOi 1 H,CO, 1 
NaiHPOi ~ 8 3“^“NaHCO, “ 12 5 
That 13 to say that of the phosphates of protoplasm and blood 89 per cent 
are of the type MjHPO» and 11 per cent of the type MHiPOt, while of the 
total carbonic acid 93 per cent is in the form of bicarbonate and 7 per cent 
free For a complete discussion of this matter see Henderson Ergebmase 
der Physiologie, vui. pp 263-271, 1909 

h J Henderson this Journal, vu, p 34, 1909 
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temporary fixation, about 1 5 grams in the blood at any moment, 
or about 400 grams daily, is wholly saved 

With phosphates and sulphates, however, the case is different, 
and these substances, as they exist in the urine, still bind alkali 
In fact even in the acid urine such stronger acids are combined 
with much base, phosphoric acid wth at least nearly one equiv- 
alent (NaH 2 P 04 ), sulphuric acid with almost exactly two (NaoSOj) 
Much less alkali than this would necessitate intense acidity of 
reaction 

In several ways, however, such drain of alkali through the kid- 
ney IS checked and, by variation in the urinary balance of base 
and acid, regulated Thus the organ is enabled very nicely to 
preserve within the body that balance between basic and acid sub- 
stances which IS essential to life itself The logical analysis of 
these processes, constituting the physiological arrangement for 
preserving and constantly restoring the primary mechanism of 
neutrality regulation, is the subject of the present paper ‘ 

THE EXCRETION OP ACID 

Normal urine is a httle more acid than the body as a whole, 
on the average its concentration in ionized hydrogen is perhaps 
twenty times that of blood,- but the urinary reaction is relatively 
very variable Though the absolute magnitude of this difference 
in true acidity between the two fluids is very slight, the urine con- 
tains, as a result of it, and of the nature of some of its constituents, 
relatively not a little more acid and less base than the blood In 
this manner a considerable portion of the bases which in the cir- 
culating blood are in chemical union with the acids of the urine 
remain in the body, retained by the kidney, after the excretion of 
the acids These bases are now once more in union with the sub- 

^ The following discussion is based upon experimental studies which have 
been carried on in this laboratory See Fitz, Alsberg, and Henderson 
American Journal of Phymologij, xviii, p 113, 1907, Henderson and Adler 
Proceedings Am Soc Biol Chemists, 190S, p xxxviii, and Henderson Bioche- 
miscke Zeilschnfl, xxiv, p 40, 1910 In some respects it is an extension of 
a paper by Henderson and Spiro Biochennsche Zeitschrift, xv, p 105, 1908 

- The average values at 18° are 5 X 10~^ and 0 3 X 10“^ hydrogen ion con- 
centration respectively 
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stances from which they ^ ere originally split off by acid as it formed 
in the tissue In other words as acid is taken out of the blood 
in the kidney the reactions for the neutrahzation of acid are m 
effect there reversed 

Another and quite different factor m the regulatory process is 
the unnary ammonia, which of course has long been known to 
serve the same purpose of saving alkah for the bod3’’ The amount 
of alkali thus saved is precisely eqmvalent to the total amount of 
this urinary ammoma, because the substitution of ammoma m 
place of other bases is a simple chemical process Furthermore 
ammonia is a product of metabolism which, formed from nearly 
neutral substances, is ordinarily destmed to produce a neutral 
substance, urea Such ammoma then represents a clear gam of 
so much alkali for the body 

These two factors, the physico-chemical separation of acid, and 
ammonia nTCretion, are separate, they are chemically mdependent, 
and they are strictly additive Under ordinary circumstances 
the two are probably of about the same order of magmtude The 
one factor is the result of a relatively more effective removal of 
acid than of base from the blood, as it flows through the kidney, 
a process which may perhaps be due m part to that tendency, ob- 
served by Maly,‘ of the acid constituents to diffuse and to dialyze 
most rapidly from such nuxtures as are found dissolved m blood 
Purely phj sical separation in a laboratory experiment like Maly's 
depends upon the greater mobihty of lomzed hydrogen and of 
more complex substances which contain hydrogen (H2PO4), than 
of corresponding basic substances Undoubtedly hoi\ever the 
physiological process is too well regulated to be without effective 
physiological control, and the simple physical phenomenon seems 
to be constantly and widely modified to meet the needs of the occa- 
sion At best it constitutes an underlying constant tendency 
which may be wholly obscured by mdependently varying physio- 
logical processes The second factor, excretion of ammoma, is 
m some respects of a more highly specialised sort This phenom- 
enon seems to be a selective excretory activity of the kidney where- 

* Maly Liebig’s Annalen, clxxm, p 227, 1874, Benchte der deutschen 
chemischen Gesellschafl, lx, p 164, 1876, Zeilschnflfur physiologische Chemie, 

p 174, 1877, Pfluger’s Archiv, xxii, p 111 
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by in the urine ammonia, so far as it is available, is almost quan- 
titatively substituted for other bases of the blood With the origin 
of this ammonia we are not here concerned 

The amount of alkali retained through the operation of each of 
these processes is highlv variable, in accordance with the imme- 
diate need of the body Through such variations the physiological 
equihbrium between base and acid is mamtamed constant, during 
periods of varjnng intake and formation of acid, just as the con- 
stant molecular concentration (osmotic pressure) of body fluids 
IS preserved by variations in the molecular concentration of the 
urine Likewise similar in its logical aspects is the regulation of 
the third great constant condition, body temperature, through 
variations in the output of heat 

From the point of view of total metabolism the end of the two 
processes is to remove the base which, entering the body with the 
food, passes through unchanged (sodium, potassium, calcium, mag- 
nesium, etc ), plus that which is formed from neutral substances m 
the body (chiefly ammonia), together with the acid which passes 
through the body unchanged (chlorides, sulphates, phosphates, 
etc ) plus that which is formed in metabolism (sulphates, phos- 
phates, oxybutyrates, and the hke) Here this aspect of the mat- 
ter calls for no special comment, for it is not unlike other phases of 
total metabolism 

The acid and alkali balance of renal activity needs further analy- 
sis, though from the standpoint of physiological economics one 
factor therein, the nature of theprocess whereby urinary ammonia 
does its work, is not in doubt As we have seen, ammonia in the 
urine is equivalent to the bases in the blood^ for which it is sub- 
stituted On the other hand the rdle of urinary acidity in preserv- 
ing blood alkalinity is a complex matter, but from the point of 
view of physical chemistry its analysis presents no serious diffi- 
culty Two principal considerations are involved in the definition 
of this process, — the magmtude of the excretion of acid, and the 
efficiency of the kidney as a separator of acid from the blood 


1 In the acid unne salts of ammonia are not appreciably hydrolyzed 
Therefore ammonia fully neutralizes its equivalent of strong acid 
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THE MAGNITUDE OF THE EXCRETION OF ACID 

All methods of titration of urinary acidity are designed to meas- 
ure excess of acid over basic substances in the unnary solution 
In every case these methods possess in the use of an indicator one 
important qualification, a qualification which rigidly limits their 
precise quantitative sigmficance 

Without exception such procedures consist in titrating to the 
reaction which chances to be a convement "end-pomt” of a par- 
ticular mdicator But such a point is m itself quite without 
necessary physiological significance, for there is m the nature of 
ttungs no relation between any physiological constant or process 
and the reaction at which phenolphthalem, or litmus, or ahzanne, 
or any other indicator changes color sharply Each of these con- 
centrations of lomzed hydrogen is dependent m an indeterminate 
way upon the chemical constitution of the mdicator, and upon 
nothing else Any other relationship is purely accidental Nor 
IS there even in chemical theory that prescnption of a particular 
indicator which may always be found m the case of the titration 
of any simple solution This fact is amply attested by the diffi- 
culties which have been encountered in devising a smtable titration 
method to estimate the excess of acid over base in urme Among 
the urinary constituents are some whose “neutralization” is in- 
complete at any possible end pomt In solutions which are just 
pink with phenolphthalem ammoma is free in measurable amount, 
and proteins and ammo-acids are combmed with a considerable 
and uncertain quantity of base Between such alkahnity and the 
acidity of the methyl orange end pomt the phosphates and many 
other substances are combined with varying amounts of base 
Finally at a more acid reaction hippuric acid, lactic acid, and other 
substances are present partly as salts and partly free, while, on the 
other hand, the proteins and their derivatives are m part umted 
with acid 

Much the sharpest of the common end pomts m unnary analysis 
is that of phenolphthalem, and therefore, m the estimation of 
excess of acid over base m urine, in studying total metabohsm for 
example, results obtained with this mdicator serve, through com- 
parisons among themselves, a very useful purpose Indeed dis- 
regarding ammoma, the one important urinar> constituent which 
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is a moderately weak base, and all the very weak basic substances 
of the solution, this end point does very nearly mark a series of 
completed chemical reactions Yet it is hard to see how such 
results can be utilized for the study of the last step of mtermediary 
metabolism, the regulatory activity of the kidney, if for no other 
reason because the blood too has a considerable “acidity” as meas- 
ured with this indicator Certainly such results measure even 
approximately neither the intensity of acidity in urine, nor the 
•excess of acid there present as compared with blood 

The blood has an extraordinarily constant reaction, on the 
average 0 3 X 10“'^ n or 0 4 X 10~’ n in lomzed hydrogen For- 
tunately, through utilization of this fact, the extent of the phys- 
iological process with which we are here concerned may be readily 
studied by titration But suitable special means must be employed 
When alkali is added to the urine until the hydrogen ion concen- 
tration has become precisely equal to that of normal blood, the 
amount of alkali added must of course, disregarding the very 
slight effect of dilution, an effect which varies from constituent 
to constituent, be equal to that which the kidney has held back 
by physical means during the formation of the urine Such an 
addition of alkali merely reverses that process which has been 
carried out in the kidney m order to save alkali for the body 
This quantity is therefore within the limits of accuracy of indi- 
cators the physiological acid excretion as above defined, in short 
the amount of acid in excess of the normal quantity of acid in blood 
of which the body has freed itself * The difference between such 
a quantity and that measured by titration with phenolphthalein 
may be illustrated as follows A hundredth molal solution of 
monosodium phosphate, when titrated -with phenolphthalein, ap- 
pears to be about 0 010 normal in acidity The same solution 
when titrated to the reaction of the blood appears about 0 009 
normal in acidity A solution containing monosodium phosphate 
and disodium phosphate, the former 0 01 molal, the latter 0 05 


1 The effect of differences in dilution cannot be more than 10 per cent 
In the absolute magnitude of the hydrogen ion concentration, which can 
cause no appreciable vanation e\cept in the case of the phosphates But 

+ + 

such slight variations e j , (H) = 3 0 X or (H) = 3 3 X lO"*, certainly 
■occur in blood itself 
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molal IS, when titrated with phenolphthalein, also about 0 010 
normal When titrated to blood alkahmty however the latter 
solution IS only about 0 003 normal Evidently the results of the 
two titrations varj’- independently 
It IS evident that the total concentration of acid radicals, free 
and combined, in urme is without sigmficance for acid excretion 
Likewise evident is the impossibility of assigmng any meamng 
to the results of titration to an exactly neutral reaction, with its 
characteristic balance of the two salts of phosphoric acid m the 
proportion 

NaHjP 04 NaiHPO^ =13 

Fmally, even if it were possible to titrate to a point at which all 
the bases and acids are exactly “neutrahzed,” the present goal 
would be no nearer, because such a condition is far from that which 
occurs in the blood Indeed the only means of reachmg an under- 
standmg of urinary acidity, m its bearmg upon the formation 
of urme from blood, is logically to distmguish between one moiety 
of acid radicals m the urine whith stand for acid which m the blood 
was combined with the sum of all the bases now in the urme, and 
another moiety which is, as above stated, the true acid excretion 
It matters not at all that this acid as it exists m urme, is, through 
readjustment of chemical equihbnum, largely combmed with base 
With "neutral red" the reaction of the blood is rather sharply 
indicated by a reddish brown color which qmckly becomes more 
reddish if acid be added, more brown if the alkahmty be mcreased 
When usmg this indicator m urmary titration it is therefore pos- 
sible to mark the physiological end pomt The magmtude of 
acid excretion or, what amounts to the same thing, alkah retention, 
may therefore be measured as follows * A flask of 250 cc capacity 
is filled with a phosphate solution consisting of 7 4 parts disodium 
phosphate and 1 0 part monosodium phosphate The dilution 
should be such that the concentration of total phosphoric acid is 
about 0 1 molal This solution has the reaction of the blood - 


* Henderson and Adler loc cit 
Internal Medicine, vii, p 479, 1911 

3 

0 33 X 10-' 


, see also Adler and Blake 

2 X IQ-’^ 1 0 

0 S3 ^74 


Archiies of 
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Twenty-five cc of urine are now diluted with water until the vol- 
ume IS nearly 250 cc A wise and important precautionis first to 
precipitate calcium with a small quantity of neutral potassium 
oxalate solution as suggested by Folin i This should be done in 
spite of the fact that commonly even without such treatment no 
precipitate forms during the titration The precipitate of calcium 
oxalate must be removed by filtration The two solutions are now 
treated with equal quantities of neutral red solution, and the urine 
IS titrated until the colors match The dilution of the urine, de- 
signed to eliminate its natural color, serves also to produce a solu- 
tion in which the degree of ionization is not unlike that in blood 
Thereby the process becomes more accurate, for it is only thiough 
slight variations in degree of ionization that one fails accurately 
to reestablish the equilibrium between acids and bases as originally 
present in the blood Anothei advantage of dilution is to be found 
in the diminution of the very slight effect of the neutral salts upon 
the color of the indicator However, in any case, the erroi intro- 
duced by these influences is really insignificant - The results are 
much lower than those obtained with phenolphthalein, by the 
ordinary method of titration, but there is, as we have seen, no 
quantitative relationship between the data of the two methods 

The sole advantage of this procedure consists m titrating to 
blood alkalinity This is however the only means of obtaining 
values of known significance concerning the physiological process 
by titration of urinary acidity 

The data of such titrations are to be calculated for the total vol- 
ume of urine The result of this calculation plus the total urinary 
ammonia, as above fully explained, measures the total excretion of 
acid, that is ro say the total excess of acid above the normal amount 
present in the blood and there associated with the urinary bases, 
which has been removed by the ludney It measures also the total 
retention of aUcah, because an equivalent quantity of alkali has 
been separated from this acid in the kidney, and restored to the 
circulating blood 

In extreme acidosis, there may be an appreciable diminution in 
blood alkalinity To such rare cases, the method is, without slight 
modification, inapplicable 

1 Folm American Journal of Physiology, xni, p 17S, 1905 

2 The difficulties are merely those inherent in the use of indicators 
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When the amount of acid separated from the blood by the kid- 
ney has been measured, m the maimer above descnbed, one posses- 
ses all the information that titration can at present yield regarding 
this physiological process None the less is the efficiency with 
which the kidney is domg its work unknowm, for the amount of 
work done is no measure of the efficiency of the process Evidently 

a given ^cess, in the physiological sense, of acid over base in 
unne may depend upon the elunmation of a large amount of mater- 
ial of relatively low mtensity of acidity or upon the ehmmation of 
a smaller amount of material of higher acidity, which therefore 
contains relatively little base In other words the excess of acid 
above that present m blood may be associated with either a large 
or a small amount of salme material consisting of acids and bases 
m the proportion found in the blood Thus the efficiency of the 
process varies mth the relative and not with the absolute excess 
of acid over basic material in the urme, and it is m fact only to be 
estimated by a very different process from titration, the measure- 
ment of the actual acidity or hydrogen ion concentration 
Whenever a weak acid and its salt with a strong base like sodium 
are present together in solution the h>drogenion concentration, 
that IS to say the intensity of acidity, is proportional to the ratio 
between free acid and sodium salt hloreover the factor of pro- 
portionality IS very nearly equal to the lomzation constant of the 
acid,* and thus an approximate general equation for such cases 


may be written (H) = ^ 


Here (H) mdicates the concentration of lomzed hydrogen, k the 
lomzation constant of the acid, HA and NaA the total molecular 
concentrations of acid and salt respectively Such relations per- 
sist m dilute aqueous solutions, no matter what other substances 
may be there present Accordingly when the ionization constant 
of an acid is known, and also the intensity of acidity of a solution 
m which it is present, it is a simple matter to calculate the relative 


* Actually this quantity is equal to the ionization constant of the acid 
diiided by the degree of dissociation of the salt 
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amount of the acid which is free in solution, and the relative amount 
which IS in combination with base The lomaation constants of 
the important urinary acids have now been determined ^ These 
quantities are as follows 


Hippuric acid 

0 00022 

Acetoacetic acid 

0 00015 

Lactic acid 

0 00013 

|3-Oxybutyric acid 

0 00002 

Uric acid 

0 0000015 

Carbonic acid 

0 0000003 

MH 2 PO 4 

0 0000002 


From these data, with the help of the equations of the concen- 
tration law, the accompanying curves are constructed 



/Jatc/tfy - CAj X /aoonooo 


Fia I Reaction, expressed in terms of concentrations of ionized hydro- 
gen, IS plotted logarithmically on the axis of the abscissas For convenience 
these concentrations are multiplied by 10,000,000 Ordinates represent the 
~ amount of base combined with one equivalent of acid The lines B and A 
correspond to the reaction of the blood and to the mean reaction of the urine 
respectively The several curves correspond to the urinary acids indicated 


* For a discussion of this subject see Henderson and Spiro Biochemische 
Zeitschnjt, xv, p 105, 1908 
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These curves show the equihbna between acids and salts, m 
such solutions as are found in urine Evidently phosphoric acid, 
both on account of the magnitude of its avidity for base and on 
account of the relatively great amount present in imne, is that one 
of the unnarv acids which vanes most in its ability chemically 
to bmd base as the acidity of the unne changes within physiologi- 
cal Imuts Thus chiefly through the presence of this substance the 
unne can carry out from the body varying amounts of acid in 
combmation with a given amount of base Accordmgly it fol- 
lows that phosphonc acid is primarily concerned, not only with the 
neutrahzation of acid in the body, but also with the preservation 
of the normal physiological mechamsm of neutrahty regulation 
by means of renal activity For this task it possesses no lessthan 
ideal qualifications, as will be at once evident from a consideration 
of the actual mtensity of the unnary acidity 
Quite recently measurements of the normal unnary acidity have 
been made m this laboratory m sufficient number to define the 
ordinary conditions of the equflibnum * These studies were 
earned out with indicators m unnes diluted to such a degree that 
the normal color was nearly annulled and the influence of neutral 
substances upon the mdicator minimized A senes of solutions of 
known reaction was prepared m the customary manner by mimig 
varying quantities of acid and salt The following table shows 
the constitution and the appromixate reaction of these solutions 


No 

lNaHU>O0 

(Namvi.) 

tH) 

Indicator 

00 

0 OOlOv 

0 0060v 

4X10-»v 1' 

1 Neutral red 

0 

0 OOIOn 

0 0023V j 

1X10 'v {, 


(CHiCOOH) 

(CEEjCOON-a) (H) 


1 

0 0009n 

' 0 0920V 

2x10-1% 


2 

0 QQ23'{ 

1 0 0920v 

5X10- V 


3 

0 0046n 

j 0 0920v 

IXlO-’v 


■1 

0 0092V 

0 0920v 

2xl0-'v 

• p-Xitrophenol 

5 

0 0230V 

' 0 0920\ 

5X10-«v 


6 

0 0160V 

' 0 0920V 

IXlO-^v 


7 

! 0 0920V 

1 0 0920v 

2X10-W 



* L J Henderson Biochemische Zeitschrift, xxiv, p 40, 1910 
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Portions of these solutions were introduced into 250 cc flasks 
and tieated unth an indicator, those having a hydrogen ion con- 
centi ation greater than 2 X 10“^ n wth paranitrophenol, the others 
with neutral red The concentration of the indicator must be 
accurately fixed, and for these experiments the concentration of 
paranitiophenol was 0 OS per cent, the concentration of neutral 
red 0 0005 per cent In carrying out the determinations 10 cc 
of urine were placed in a 250 cc flask, diluted with water, and 
treated with paranitrophenol In case the color corresponded to 
that of one of the standard solutions the acidity was estimated 
either by noting that color with which the urinary sample corre- 
sponded, or in case the coloi lay between two standard colors, 
by rough interpolation In case the acidity was less than that of 
the paranitrophenol solutions, a second portion of urine was treated 
with neutral red and the color compared with the more alkaline 
standard solutions The lesults of such estimations are not the 
true values of the urmar}’- acidity because dilution has slightly 
diminished the concentration of hydrogen ions This change m 
equilibrium is not, however, an accidental one, and it amounts to 
a diminution in the concenti ation of hydrogen ions of approxi- 
mately 25 per cent The outcome of the investigation is that 
normal urine varies in concentration of ionized hydrogen from about 
0 OOOOOOOSn, the reaction of the blood, to about 0 OOOOOIn, though 
no doubt under exceptional conditions these limits may be sur- 
passed The mean value is about 0 OOOOOOSn The results are 
in fairly good accord with measurements made bv means of the con- 
centration cell method At any rate for the purpose of the present 
discussion there is no inconsistency whatever in existing data 

Such variations in acidity involve a change m the ratio of mono- 
sodium phosphate to disodium phosphate in the solution from 
9 1 to 1 9 approximately, as indicated upon the curve These 
variations represent, for such a range in the ratio of base to acid, 
the mimmum possible variation in hydrogen ion content More- 
over the mean value of urinary acidity is such that m solution of 
that reaction the ratio of the two salts is not far from 1 1, and for 
such a ratio a change of whatever magnitude in the amount of 
acid or base involves the smallest possible change m acidity ‘ 

* For a mathematical discussion of these facts see L J Henderson 
A?nencan Journal of Physiology, xxi, p 173, 1908 
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It would be difficult indeed to account for this remarkable co- 
incidence, that phosphoric acid, one of the chief excretory pro- 
ducts of the urme, possesses the very highest possible efficiency m 
the physiological process for regulating the ratio of acids to bases 
111 the body fluids by means of renal activit3 Certainly there 
seems to be nothing m evolutionary theorj’" to explain it, and for 
the piesent it must be considered a happy chance, like the fact 
that the maximum density of water falls at 4°, and several other 
logicallv similar circumstances 

If phosphonc acid be the chief substance which is varymg m the 
amount of base associated with it as the reaction of the urine varies, 
it is none the less true that other substances are varying too How- 
ever, only two, so far as we now know, wnU at the ordinary physio- 
logical ranges show considerable change m combmed base These 
substances are carbomc acid and uric acid, both of which occur m 
such small amount as to be of nunor importance At the mean 
value of the normal urinary acidity, while phosphates are present 
about a third as monosodium phosphate and two thirds as disodium 
phosphate there is nearly an equal amount of free carbomc acid 
and bicarbonate and about four tunes as much sodium urate as 
free uric acid 

As the acidity of urine increases mto the unknown values char- 
acteristic of acid mtoxication another variable factor appears, 
namely 0-oxybutyric acid This substance, seldom appreciably, 
never more than 10 per cent or 15 per cent free m urines of normal 
reaction, rapidly gives up its base as the acidity increases from this 
point And if it be possible for the kidney to produce a urme m 
which the hydrogen ion concentration instead of bemg about one 
hundred times that of blood, which is not an uncommon value, is 
about one thousand times that of blood, then /3-oxybutyric acid 
would be almost wholly free Evidently such a circumstance 
would be of extreme importance m diabetes, and would involve 
no small change m current ideas of the proper treatment of dia- 
betic acidosis This subject has been discussed elsewhere by 
Spiro and myself ‘ 

In the light of these considerations it is evident that there are 
two ranges of acidity m which small variations of reaction are. 


‘ Henderson and Spiro loc cit 
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or may be, accompanied by large changes m the ratio of base to 
acid in urine The one range is centered upon the hydrogen ion 
concentration 2 5 X 10 -’'n, and its importance is due to the fact that 
at this point the ratio of monosodium phosphate to disodmm phos- 
phate, here equal to one, is susceptible to little change as acid and 
alkali vary in amount The other range is centered upon the hj’’- 
drogen ion concentration 2 5 X IO'^n At this reaction ^-o\y- 
butjo-ic acid and its salts are present in equivalent amounts, and 
accordingly a large change in the amount of acid or salt wll have 
relatively little effect upon this ratio and therefore upon the acid- 
ity 

It is not to be expected, however, that all possible changes in 
reaction of urine will depend solely upon these two acids A vari- 
ety of other acid substances must each take part in a limited degree 
in such a change, thereby producing m the sum an appreciable 
effect The actual conditions can best be illustrated by experi- 
ment Following IS the report of an experiment chosen from 
among several similar concordant experiments which well illus- 
trate the relationships 

A sample of normal urine was divided into two portions, to one portion a 
small quantity of synthetic /3-o\ybutync acid, enough to make the concen- 
tration of the acid about molal, was added, the two portions weie diluted 
to of the original volume, and to each tenth-normal hydrochloric acid 
was poured in until the reaction, indicated by methyl orange corresponded 
to a concentration of hydrogen ions, 1 X 10~'' n Numerous samples of 
these two fractions were then titrated to several fixed stages of acidity and 
alkalinity In the titrations 125 cc portions of diluted urine, 0 115 n sodium 
hydrate, and either methyl orange, or p-nitrophenol, or neutral rod, as in- 
dicator, were employed Keaction was estimated by comparison of colors 
with those of indicator solu tions containing phosphate and acetate mixtures 
of known acidity The results of titration are shown in the accompanj ing 
table The concentration of phosphoric acid in the original undiluted urine 
was approximately 0 068 molal Differences in concentration preclude 
the simultaneous discussion of several experiments The lesults of four 
similar experunents are, however, wholly concordant with those reported 
m the accompanying table 
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I>DICA10a 

SEtiTRAl* BEX> 


PABA-NITBOPHENOL 


METBTt, 

OBXNGE 

(H) _ 

2 x 10 * 

ixic* 

1X10'’ 

. 

2 x 10 

4X10'’ 



B 

1X10"^ 

ixio"^ 


'a 

[5 72 

5 50 

a 00 

4 55 

3 70 

3 21 

2 so 

2 40 

1 89 

0 40 

u 

a 2 

— 

le 10 

5 66 

5 10 

4 70 

3 53 

3 12 

2 70 


1 SO 

0 50 

3 


16 02 

5 79 

5 15 

4 70 

3 61 

3 23 

2 84 

2 61 

1 61 

0 40 

to 

(N 

>H 

[6 30 

5 82 

5 36 

4 75 

3 80 

3 17 

2 96 

2 61 

1 60 

0 32 

0 — 
C.C 

;2'5 

a 

0 s 

2 2 

0 s 


'6 93 
7 41 

i 

6 02 

6 22 

5 50 

5 60 

5 00 

4 72 

4 37 
4 40 

4 10 

3 90 

3 61 

3 70 

2 83 

2 61 

0 43 

0 40 

a ^ 

)— t 

H-i 

7 50 
7 40 

7 10 

6 98 

6 40 
6 20 

1 

4 60 
4 80 

4 12 

3 70 

3 60 

3 50 

2 68 
2 57 


§1 

3 I 

ta 1 

g 

6 03 

5 69 

5 15 

4 67 

3 66 

3 18 

2 82 

2 54 

1 72 

0 40 

u 

u 

0 


7 31 

6 95 

6 21 1 5 57 

4 78 

4 29 1 3 90 

3 60 

2 67 

0 41 

3 

t 




1 

1 


1 

» 


' 

0 

*5 fi 
Q-’ 

00 

1 26 

1 06 

, 0 90 

t 

j 1 12 

1 11 

' 1 08 

1 

1 1 06 

! 

0 95 

, 0 01 


Two facts are at once visible m the data 

(I) When alkali is poured into acidified normal urme the greater 
part of it IS neutralized only after the reaction has become nearly 

+ 

neutral [(H) = 2 X 10~%] m that range of reaction 

4 * 

[2 X 10-«N >(H)>2 X 10-8n] 

which IS the domain of mixtures of monosodium phosphate and 
disodium phosphate, and is characteristic of normal human urine 

(II) In the titration the neutrahzation of /3-oxybutyric acid is 
soon approximately complete 

4 * 

[(H) = 1 X 10-^] 

and thereafter the neutrahzation of urine to which it has been 
added progresses, so far as measurements with mdicators can 
show, exactly like the neutralization of normal urine 
Further analysis of the data clearly shows that phosphates alone 
and unaided are, withm the limits of accuracy of the measure- 
ments, wholly responsible for all neutrahzation m the neighbor- 
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hood of the neutral point The accompanying diagram, fig 2, 
makes clear the basis of this conclusion 
The curve represents diminution in amount of alkali (corre- 
sponding to alkali retention or acid excretion) as the concentration 





Flo 11 Gradual Titration of Urine Abscissas stand for alkalinity and 
aoidity plotted arithmetically to show proportional changes 
Ordinates stand for cubic centimeters of alkali 
X, titration of normal urine 

+ , titration of normal urine plus P-o\ybutyric acid 
The curve represents theoretical values for the titration of the phosphates 
of the urinary sample 

of lomc hydrogen increases from 2 X IO'Sn [(OPI) = 5 X IQ-^n] 
m a phosphate solution of the same concentration, 0 0034 molal, 
as the phosphates in the diluted urinary sample The correspond- 
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mg quantities as measured by titration of the normal urine and the 
urine plus /S-oxybutyric acid are indicated by crosses The line 
of dashes corresponds to the titration of normal unne, the dotted 
line to the titration of urme plus d-o'^hutyric acid Hydrogen 
and hydroxyl ion concentration are plotted as abscissas, "acid 
excretions” as ordmates The incidence of the numbers derived 
from the data upon the theoretical curve leaves no room fdr doubt 
that within the normal ranges of urmary reaction phosphates 
alone are measurably responsible for the variation m ratio of acid 
and base A more or less precise formulation of this fact has long 
passed current, but it has not before been experimentally demon- 
strated 

Repeated experiments hke that above reported with numerous 
samples of normal urme have invariably shown that only near the 
reaction of normal urme does that solution possess marked capacity 
to resist change of reaction Withm that range it behaves, so 
far as titration can show, exactly like its phosphate content That 
IS to say, the titration of the phosphates alone, of urme, and of 
urme contammg /S-oxybutyric acid, within the limits of acidity of 
normal urme, are based upon the same chemical changes, — con- 
version of alkahne phosphates into acid phosphates accordmg to 
the reaction, NaH2P04 + NaOH = NajHPOj + H 2 O 

In order to consider the phenomena at higher ranges of acidity it 
is desirable to plot the data m another manner, employmg for 
abscissas the logarithms of the concentrations of ionized hydrogen, 
as m Fig III 

A study of this figure, which presents m convement form, the 
sum of the effects of variations m relative amounts of acid and 
base m urme upon its reaction, clearly shows the conditions which 
theory predicts lake the phosphates, the /S-oxybutyrates are 
effective m neutralization only m the immediate neighborhood of 
a hydrogen ion concentration correspondmg to the ionization con- 
stant of d-oxybutyric acid (2 X 10“^) But at this pomt, unhke 
the pomt at which phosphates neutrahze, other substances are 
also concerned in the process, and the change m ratio of acid 
to base is the sum of many similar processes, among which change 
in the d-oxybutyrate equihbnum is merely the most important ’ 

* The apparent change shown by titration is somewhat too great at this 
pomt because of dilution of the urine The error howei er, is small, and, in 
the present discussion, negligible 
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It needs no intricate analysis of the facts here figured to make 
clear the one important practical outcome of the axpenment 
Possible variations m the amount of base combmed with each and 
all of the constituents of normal urine, except only phosphoric 
acid, are, in the healthy, normal organism, relatively unimportant 



Fig hi Gradual Titration of Urine Abscissas stand for acidity 

[(H) X 10'] plotted logarithmically Otherwise the figure corresponds 
to Fig II 


Phosphoric acid, with carbonic acid, is the principal factor in 
the adjustment of the reaction of the body fluids, with ammonia 
it IS the principal factor m the permanent mamtamance of that 
reaction through the regulatory activity of the kidney 
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SUMMABT 

Like temperature and osmotic pressure, the normal neutrahty 
or alkalimty [(OHlas" =7 X 10~’'n] is adjusted by a mechanism 
withm the body, but permanently mamtamed by exchanges with 
the enviromnent 

The acid end products of metabolism, without appreciably 
changmg the actual alkalme reaction constantly take up alkah from 
blood and protoplasm In this manner there is a tendency to 
disturb the normal protective equihbnum between bases and acids 
This tendency is held m check by the kidney, which m the process 
of urme formation reverses the reaction of neutralization of acid 
and restores to the blood that alkah which has served as a earner 
of acid 

The process may be measured both quantitatively, and in respect 
to its eflSciency The quantity of acid excreted is measured by the 
amount of a'kah which must be added to unne m order to obtam 
the reaction of blood plus the amount of urmary ammoma 

The method of carrying out this measurement, as devised by 
Adler and myself, is desenbed 

The efficiency of acid excretion depends upon the intensity of 
acidity of the urme, upon whether a large or a small quantity of 
acid IS there present in addition to that quantitj which, m the blood 
was associated with the urmary bases The efficiencj may be esti- 
mated by measurmg the concentration of lomzed hydrogen, but 
13 not proportional to this quantity Equal mcrements of mcrease 
m acidity are associated with vanable increments of increase m 
acid excretion because of the particular avidities of the several 
unnary acids, especiallj acid sodium phosphate and ^-oxj butyric 
acid Phosphoric acid is as well smted to facihtate the excretion 
of acid as to regulate the neutrahty of the body The strength of 
acid sodium phosphate as an acid is precisely that which permits 
the wdest range m the ratio of base to acid within the ordinary 
limits of unnarv acidity 

Experiments are reported m which gradual titrations of normal 
urme and of urme containing ^-oxybutjTic acid have been carried 
out These experiments show that normal xariations in the re- 
action of unne are almost wholly due to xariation in the ratio of 
alkaline to acid phosphates excreted by the kidney 
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Accordingly the preservation of the normal alkahnity of the body 
IS due, in important measure, to but two independent factors, ex- 
cretion of ammonia and excretion of phosphates The elaboration 
of ammonia and the presence of phosphoric acid as an end product 
of metabolism make possible the excretion of acid, regulation of 
ammonia production and of the ratio of the acid to the alkaline 
phosphates of urine are the means of regulating the acid excretion 



ANALYSIS OF THE PRODUCTS OF HYDROLYSIS 
OF WHEAT GLIADINi 

ByTH0]SL4,SB OSBORNE and H H GOTlST 
{From the Laboratory of the Connecticut Agricultural Experiment Station ) 

(Received for publication. May 13, 1911 ) 

Although analyses of the products of hydrolysis of ghadm from 
wheat have already been made by Abderhalden and Samuely® and 
also by Osborne and Clapp* it has seemed to us desirable to make 
a new analysis of this protein because expenence with the analy- 
tical methods has indicated that a much higher summation and 
a more complete knowledge of the proportion of the several armno- 
acids can now be obtamed 

The umque constitution of ghadm has already led to its use m 
many nutrition investigations and the ease with which it can be 
prepared in a relatively pure condition renders it one of the most 
available proteins for further experiments As complete a knowl- 
edge as possible of its products of hydrolysis is consequently essen- 
tial for future studies of physiological problems 

Since the fact has become apparent that in the earher analyses 
the proteins were not boiled with acid long enough to effect com- 
plete hydrolysis we have followed the progress of the hydrolysis 
of ghadm by determming, from time to time, the proportion of 
ammo mtrogen by the method of VanSlyke ■* We thus found that 
after boiling with hydrochloric acid, sp gr , 1 1, for forty-eight 
hours no further increase in the amount of ammo nitrogen occurred. 


' The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Washing- 
ton D C 

’ Abderhalden and Samucly Zeitschr / physiol Chem , xliv, p 276, 1905 
’ Osborne and Clapp Amcr Jour of Physiol , xvii p 231, 1906 
* VanSlyke Be' d deutsch chem Gesellsch , xliii, p 3170, 1910, this 
Journal, i\, p 184 1911 

Note In carrying out this operation v.e have employed a somewhat 
different form of apparatus than that u ed bj VanSlyke but the essential 
features of the process uere practicallj the same 
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and also that practically all of the nitrogen, which escaped isola- 
tion in definite form, is ammo nitrogen Thus if the nitrogen 
which IS not estimated as ammo nitrogen by VanSlyke’s method 
IS calculated from the results of our new analysis we find the par- 
tition of nitrogen to be as follows 



PER CENT or MTROGEN 

PER CENT OP GLIADIN 

Ammonia nitrogen 

24 57 

|||raH 

Ammo nitrogen 

59 20 


Pi'oline nitrogen 

9 12 


Three-fourths arginine nitrogen 

4 36 


Two-thirds histidine nitrogen 

0 60 

■BBi 


97 85 

17 13 


A part of the nitrogen thus unaccounted for belongs to trjrpto- 
phane which the Hopkins-Cole reaction shows to be present among 
the products of hydrolysis of gliadm but which cannot be estimated 
quantitatively 

The results of our new analysis of gliadm, together with the 
earlier analysis of Osborne and Clapp are as follows 


Glycocoll 

Alanine 

Valine 

Leucine 

Proline 

Phenylalanine 

Glutaminic acid 

Aspartic acid 

Serine 

T} rosine 

Cystine 

Histidine 

Arginine 

Ammonia 

Tryptophane, about 
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Of* THE uianKB 
RESULTS 


0 00 

0 00 

0 00 


1 95 

2 00 

2 00 

' 3 34 

0 21 

3 34 


6 62 

5 61 

6 62 


13 22 

7 06 

13 22 


1 80 

2 35 

2 35 


43 66 

37 33 

43 66 


0 14 

0 58 

0 58 

1 

1 

0 13 

0 13 

1 

1 20 

1 20 

1 

1 

0 45 

0 45 



0 61 

0 01 


! 

3 16 

3 16 


5 22 

5 11 

5 22 

1 

1 

1 00‘ 

1 00 


1 66 SO 

1 

83 54 


» Abderhalden Zeitachr f physiol Chem , \liv, p 276, 1905 
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It IS thus seen that the yield of vahne, leucine, proline and glu- 
tamimc acid has been very matenally increased by the prolonged 
hydrolysis while the amounts of alanine, phenylalanine and aspartic 
acid are about the same as found in the earher analysis If the 
higher results, which, in our opimon, are the most nearly correct, 
are added together the total of the ammo-acids found is equal to 
83 54 per cent of the ghadin 

Assuming these amino-aeids to be combmed in polypeptide 
union, and ammoma as substituting one hydroxyl of the dibasic 
acids, we have a total of 67 90 per cent of the ghadm accounted for 
A part of the deficit of 32 10 per cent is certainly due to unavoid- 
able losses mcurred m estimatmg those ammo acids which are 
obtamed from their esters If such losses corresponded to those 
found by Osborne and Jones' in thus analyzing a mixture of pure 
amino-acids the total probable proportion of the radicals of the 
amino-acids stated m the analysis becomes 82 14 per cent of the 
ghadm In making this estimate it is assumed that only one-half 
of the alanine, aspartic acid, senne, cystme, and tryptophane, 70 
per cent of the vahne, prohne, phenylalanine, and glutamimc 
acid obtained from the esters, 80 per cent of the leucine and all of 
the histidme, argimne, and ammoma, and also aU of the glutamimc 
acid separated duectly, were recovered 

In view of past experience such an estimate seems conservative 
and the assumption appears justified that at least 82 per cent of 
the ghadm consists of radicals of the substances enumerated in 
the analysis 

The following table compares the results of this analysis of gha- 
dm with similar analyses of zem and casein made with a view to 
obtain the highest possible yields of each of the ammo-acids 


Comparison of the results of analysis of casein, ghadm and zem 



TOTAI. AMNO- t 
Aai>3 ACrUAUUTl 
SECOVERED 1 

EQCTVALEVr 

KAOtCALS 

1 

VEB CEXT 

1 OP VTTBOGEV 
BECOVERED 

! \ 

ESXniATED 

1 PBOBASLC 
■ ctJAjrnTT OP 
BAZtlCiM 

1 PEB CEVr OP 

} THE TOTAt N 
' IN EatniATED 
j SADICAXH 

1 

Casein | 

67 85 j 

57 45 

1 i 

1 63 60 

1 

[ 70 37 

1 75 6 

Ghadm 

83 54 1 

67 90 

1 75 70 

1 82 14 

j 87 2 

Zem 

83 87 • 

71 37 

; SO 50 

i 

1 as 72 

93 9 


’ Osborne and Jones Amer Jowrn of Physiol , Tsm, p 305, 1910 



428 Hydrolysis of Wheat Gliadin 

These figures show that from each of the three protems the re- 
covered nitrogen forms a larger proportion of the total nitro-^en 
than the recovered radicals form of the total protein This“is 
chiefly due to the fact that the mtrogen of the basic ammo-acids 
and ammonia are practically completely recovered, the mean mtro- 
gen content of which is relatively large, thus for gliadin it is equal 

to 66 2, for zein to 67 4, and for casein to 35 5 per cent of the radi- 
cals 

If the recovered basic radicals and ammonia, fcalculated as 
NH 2 ), are deducted from the total recovered radicals we find that 
the per cent of the protein recovered as mono-ammo-acid radicals 
is as follows 

PER CENT OP PROTEIN 

45 15 
59 53 
65 78 

The recovered mono-amino-acids form a slightly larger propor- 
tion of the non-basic part of the protein as shown by the following 
figures 


Casein 

Ghadin 

Zein 


Recovered mono-ammo radicals as per cent of the non-basic part of the 

protein 


Casein 

Ghadin 

Zein 


48 5 
64 9 
69 6 


The following figures give the mean per cent of mtrogen m the 
recovered mono-ammo-acids and m the unrecovered non-basic 
part of the proteins 


Percent of nitrogen in non-basic parts 



RECOVERED 

UNUECOVERED 

Casein 

12 3 

13 3 

Ghadin 

13 0 

13 1 

Zein 

13 9 

10 9 


These figures show that the unrecovered part of casein and gha- 
din contains about the same proportion of nitrogen as that in the 
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recovered part and indicate that the deficit is chiefly caused by an 
incomplete recovery of the anuno-acids already known to result 
from the decomposition of these proteins The much lower nitro- 
gen content of the undetermined part of zem suggests the presence 
of some undiscovered radical containing but little, if any, nitrogen 

In these analyses the proportion of the recovered radicals, as 
well as of the nitrogen, decreases with increasing complexity of 
the protem This is evidently not to be explained by a corre- 
spondingly large proportion of radicals which are deternuned with- 
out the use of the ester method, namely of glutamimc acid, tjTo- 
sine, argimne, histidine, lysme, and ammoma, for the sum of these 
from ghadm is 42 78 per cent, whereas, from casein it is only 29 81, 
and from zem 26 68 per cent, proportions which stand m no rela- 
tion to the total amounts of decomposition products recovered 
from these three proteins 

If the amount of those radicals, which are estimated directlj, 
IS subtracted from the total radicals recovered we find that from 
casein 27 64, from gliadin 25 07, and from zem 44 69 per cent of 
the protem were recovered as radicals by the ester method We 
thus find that for casein 39 3, for ghadm 43 8, and for zem 60 9 
per cent of the total non-basic part of the protem were recovered 
by the ester method The proportion thus recovered from zem 
IS much greater than from casein and ghadm, a result m part due 
to the absence of tryptophane and also to the relatively large 
amount of leucine yielded by zem It is possible that casein and 
ghadm actually yield relatively considerable quantities of serine, 
oxyprolme or aspartic acid only a small part of which were re- 
covered in the analysis Trypitophane imquestionably contnbutes 
to a considerable extent to this deficit but whether or not enough 
IS present to account for most of the very considerable deficit it 
IS impossible at present to determine These considerations show 
the importance of discovering some method whereby an e\ en ap- 
proximate determination of tryptophane can be made 

BXPEKIUBNTin PXKT 

A quantity of very' carefully purified ghadm, eqmvalent to 459 8 
gm of ash- and moisture-free protein, w'as divided into five equal 
parts and hydrolyzed by boiling each separately with 200 cc of 
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hydiochlonc acid, sp gr 1 1, for forty-eight hours The hydroly- 
sis solutions were then diluted, and separately filtered, in order to 
remove the small amount of humm which they contained The 
total humm fiom all of the five portions weighed 1 4 gm and con- 
tained 0 095 gm of nitrogen After filtering out the humm each 
solution was made up to one liter with water and 10 cc taken from 
each, diluted to 100 cc , and total nitrogen determined in an aliquot 
of 10 cc The ammo nitrogen was also determined by VanSlyke’s 
method in portions of 25 cc The total nitrogen thus estimated 
as present in each of the five solutions was the same, namely 16 09 
gm , the ammo nitrogen m each was practically the same, the 
average being 9 53 gm The ammo nitiogen was thus equal to 
59 2 per cent of the total nitrogen Each solution was then con- 
centrated and brought to a volume of about 200 cc by adding 
more hydrochloric acid Aftei boiling for twenty-four hours 
longer no further separation of humi i occurred and the percentage 
of ammo nitrogen was not changed The amount of substance 
removed for these deterxmnations was equal to 2 per cent of the 
gliadm originally taken, hence that which remained corresponded 
to 450 6 gm on the basis of which the percentage yields of that 
pait of the glutaminic acid which was determined directly, was 
calculated 

The solutions were then concentrated, saturated with hydro- 
chloric acid, and glutaimnic acid hydrochloride allowed to crystal- 
lize after standing in an ice chest The filtrates were concentrated 
and a second crop obtained These two crops of glutaminic acid 
hydrochloride from each of the five solutions w'ere united, decolor- 
ized, and separately recrystallized They weighed respectively 
35 96, 29 73, 34 ^ 9, 34 42, and 36 68 gm The united mother 
liquors from the recrystallization of these seveial crops were con- 
centiated and 31 87 gm more were secured, making 203 15 gm of 
glutaminic acid hydrochloride sepaiated by direct crystallization, 
equal to 162 66 gm of fiee glutaminic acid or 36 1 per cent of the 
gliadin There were subsequently obtained from the esters 33 82 
gm of fiee glutaminic acid equal to 7 56 per cent of the gliadin, 
making 43 66 per cent in all 

This 1 esult IS much higher than the 37 33 per cent formerly 
obtained by Osborne and Harris' and later confirmed by the closely 

I Osborne and Hams Amer Journ of Physiol , \iii, p 35, 1905 
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agreeing results of Abderhalden and Samuely * It can however 
be accepted as a nurumal percentage, for especial care was taken to 
weigh only pure products, and another determination, made after 
a correspondingly long hydrolysis, gave almost as high a result, 
namely 43 19 per cent In this case also the glutamimc acid 
hydrochlonde was subjected to a very cntical exanunation and its 
punty established beyond question ' The amount of glutamimc 
acid yielded by ghadm is probably even greater, for, m our present 
analysis 7 56 per cent was obtamed from the esters and if the 
amount obtained from the esters was 70 per cent of that actually 
present- this would correspond to 10 7 per cent, makmg the prob- 
able total at least 47 per cent Even this amount is probably too 
low for the total glutamimc acid hydrochlonde which was ob- 
tamed by direct crystallization, before decolonzmg mth bone black 
weighed 275 01 gm Analysis showed that this contained 0 1 gm 
of moisture and 44 68 gm of ammomum chlonde It contamed 
chlonne eorrespondmg to a mixture of this amount of ammomum 
chlonde and practically pure glutamimc acid hydrochlonde, for, 
deducting the ammomum chlonde the remamder contamed chlonne 
equal to 19 53 per cent, as against 19 34 per cent, calculated for 
pure glutamimc acid hydrochlonde Deductmg the weight of the 
ammomum chlonde n e have 225 23 gm , equal to 180 48 gm of 
free glutamimc acid, which is 17 82 gm more than the 162 66 gm 
of pure acid obtained after decolonzmg with bone black The 
loss thus indicated is equal to 3 96 per cent of the gbadin, which, 
if added to the estimated 47 per cent makes a total possible yield 
of about 51 per cent 

Further evidence that ghadm actually yields a larger proportion 
of glutamimc acid than the total which we obtamed m a perfectly 
purq condition is afforded by the fact that one of the five solutions 
from which the glutaimmc acid hydrochlonde was directly sep- 
arated yielded a quantity of pure hydrochlonde equal to 45 34 per 
cent 

The filtrates from the glutamimc acid were united, the solution 
concentrated, under dimimshed pressure, and, after removing 
the water by repeated evaporation with alcohol, the amino-acids 

’ -tbderhalden and Samuely Zetlschr f physiol Chem , xlvi, p 193, 1905 

’ Oabornc and Jones Amer Journ of Physiol , xxvi p 305,1910 
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were esteiified according to the method of Phelps and Phelps 
The esters were liberated by a calculated quantity of sodium 
ethylate, the sodium chloride was separated from the alcoholic 
solution of the esters by decantation and filtration This solu- 
tion was then evaporated under diminished pressure, made up to a 
volume of two liters and found to contain 38 192 gm of nitrogen '■ 
The sodium chloride contained 0 72 gm of mtrogen The alcoholic 
solution of the esters was concentrated under diminished pres- 
sure until nearly all the alcohol was removed The alcoholic 
distillate from the free esters was acidified ivith sulphuric acid and 
evaporated under diminished pressure to a small volume The 
sulphuric acid was then removed with baryta and after evaporating 
to dryness the residue was extracted with alcohol and 1 74 gra of 
amino-acids insoluble in alcohol were obtained The alcoholic 
extract of this residue contained 2 5659 gm of nitrogen, of which 
0 7897 gm was found to be ammo nitrogen, leaving 1 7762 gm of 
non-ammo mtrogen, equivalent to 14 65 gm of proline, equal to 
3 28 per cent of the gliadin The crude esters, which weighed 
450 gm , were distilled under dimimshed pressure, as follows 


Dishlla(io7i I 


FRACTION 

TEMPERATURE 
OF THE PATH 
UP TO 

PRESSURE 

j R EIGHT 

) 



mm 

gm 

I 

97° 

3 

55 3 

Condensed in liquid air tube 1 



31 0 

II 

100° 

1 

60 0 

Condensed in liquid air tube 2 



23 0 

III 

115° 

1 1 

15 0 

Condensed in liquid air tube 3 


! 

! 17 0 

IV 

175° 

1 7 

25 0 

Condensed in liquid air tube 



28 0 

Undistilled residue 



187 0 



1 

441 3 


* In thus estunatmg nitrogen and the hydrochloric acid in this solution 
an aliquot part was removed equivalent to 3 gm of the original gliadm 
The percentages of the,amino-acids obtained from these esters were there- 
fore calculated on the basis of 447 gm of gliadin 
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The solutionss condensed m liquid air tubes 1, 2, and 3 n ere 
united and saponified with baryta After removing the baryda 
1 12 gm of substance was obtained w hich was added to fraction I 
Fraction I was saponified in the usual way and the amino-acids 
extracted thoroughly by boding with absolute alcohol The 
amino-acids insoluble in alcohol weighed 18 2 gm The alcohobc 
extract was added to that srmdarly obtained from fractions II 
and III 

Fraction II yielded 26 43 gm of anuno-acids insoluble m alcohol 
Fraction III was saponified with baryta and yielded 3 78 gm 
of amino-acids insoluble m alcohol from which 1 33 gm of copper 
aspartate, equal to 0 64 gm of aspartic acid were obtained The 
rest of the amino-acids was added to the substance from fraction 
II which was insoluble in alcohol 
The united alcohohc extracts from fractions I, II, and III con- 
tamed 5 2920 gm of mtrogen of which 0 5410 gm was found to 
be amino mtrogen The non-ammo mtrogen was therefore 4 7510 
gm equal to 39 04 gm of prohne or 8 73 per cent This together 
with the 3 28 per cent obtained from the alcohol distilled from the 
free esters and 1 21 per cent separated from the distillation residue 
makes 13 22 per cent of prohne 
Fraction IV was mixed with an equal volume of water and the 
phenvlalanme ester extracted as usual with ether There were 
obtained 6 12 gm of phenylalamne hydrochlonde equal to 5 01 
gm of phenylalanme or 1 12 per cent From the aqueous solu- 
tion by the usual treatment 2 85 gm of glutammic acid hydro- 
chloride equal to 2 28 gm of the free acid or 0 5 per cent of the 
gliadin was separated From the mother hquor from the gluta- 
mimc acid hydrochloride, no aspartic acid or senne was obtained 

DISTILLATION BESEDUE 

The distillation residue contamed 19 5 gm , of mtrogen or about 
25 per cent of the total mtrogen of the gbadm In order to deter- 
mine what nmno-acids this contamed it was dissolved m con- 
centrated hjdrochlonc acid and boded for fifteen hours in order 
to hydrolj ze such esters, or peptides which it contamed, as w ell as 
anhydrides, which had been formed from the esters during the 
distdlation Glutammic acid was isolated as the hydrochlonde 
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and 22 85 gm obtained, equal to 18 31 gm of the free acid, or 
4 09 per cent of the gliadm 

The filtrate from the glutamimc acid hydrochloride was diluted 
to 6 liters with water and 1 liter of a solution containing 200 gm 
of phosphotungstic acid, dissolved in 5 per cent hydrochloric acid, 
was added The filtrate from the precipitate thus produced gave 
no more precipitate on the addition of phosphotungstic acid The 
precipitate was decomposed with baryta and, after removing phos- 
photungstic and sulphuric acids the arginine and histidine were 
separated according to the method of Kossel and Patten Only 
1 1 gm of histidine, equal to 0 25 per cent of the gliadm, and 3 77 
gm of arginine, equal to 0 85 per cent of the gliadm, were obtained 
It thus appears that during the process of distillation a very large 
part of these bases was destroyed The filtrate from the phospho- 
tungstic acid precipitate was freed from the excess of phosphotung- 
stic and sulphuric acids, concentrated to a syrup, and saturated 
with hydrochloric acid After standing on ice 6 07 gm of gluta- 
minic acid hydrochloride, equal to 4 86 gm of glutamimc acid, 
or 1 09 per cent of the gliadm, separated The amino-acids m 
the mother liquor from the glutamimc acid were then ester ified 
by the method of Phelps and Phelps and the solution of the esters 
made up to 500 cc and found to contain 10 388 gm of nitrogen 
equal to 12 9 per cent of the total nitrogen of the gliadm After 
liberating the esters with sodium ethylate the sodium chloride was 
separated by centrifugation, and, when washed with alcohol as 
thoroughly as possible, contained 0 453 gm of nitrogen The 
alcohol was distilled from the esters under diminished pressure 
at 40° and the residue treated with ether which caused the separa- 
tion of a semi-solid mass which contained 2 15 gm of nitrogen 
The ether was distilled from the solution of the esters and the 
residual esters distilled as follows 


Dtshllahon II 


FRACTION 

TEMPERATURE 
OF BVTH UP TO, 

PRESSURE 

WEIQUT 



1 mm 

gm 

I 

II 

TJndistilled residue 

115° 

1 8 

39 

185° 

1 8 

17 

17 
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Fraction I yielded 4 5 gm of amino-acids insoluble in alcohol, 
and an alcoholic extract which contained I 1564 gm of nitrogen, 
of which 0 4930 gm as ammo mtrogen, leavmg 0 6634 gm of 
non-ammo nitrogen equal to 5 45 gm of prohne or 1 21 per cent 
of the ghadm 

Fraction II gave 3 7 gm of phenylalanine hydrochloride, equal 
to 3 03 gm of phenylalanme, or 0 67 per cent of the ghadm and 
10 45 gm of glutarmnic acid hydrochlonde, equal to 8 37 gm of 
glutaminic acid, or 1 87 per cent of the ghadm This examination 
of the distillation residue showed that one-third of the mtrogen 
belonged to ammo-acids which had not been completely isolated 
m the earher steps of the analysis, probably largely because, m 
the process of distillation, a considerable part of these were con- 
densed to dioxopiperaaines 

From the amino-acids msoluble m alcohol from Distillation I, 
fractions I, II, and III, and from Distillation II, fraction I, by using 
the lead method of Levene and VanSlyke, 29 6 gm of leucme, equal 
to 6 62 per cent of the ghadm, 14 96 gm of vahne, equal to 3 34 
per cent of the ghadm and 8 74 gm of alamne, equal to 1 95 per 
cent of the ghadm, were obtained 

The distribution of the mtrogen among the various products 
obtained in the above described process is shown m the following 
table 



1 GHAXia 1 

i PEB CE>T 

Total mtrogen m the ghadm 

SO 36 1 


Nitrogen in glutaminic acid, sepa- 
rated directly as pure hjdro- 
chloride 

15 50 

1 19 29 

Nitrogen m humm 

0 10 j 

0 12 

Nitrogen as ammonia 

19 35 

24 08 

Nitrogen m the ester hydrochlorides 

40 32 

50 17 

Nitrogen unaccounted for 

5 09 

6 34 

1 

so 36 

i 100 00 


The mtrogen unaccounted for is to be ascribed in part to loss 
in decolorizing the glutaimmc acid hydrochlonde, for, as already 
shown, a loss of glutaimmc acid equal to 2 1 per cent of mtrogen 
appears to have occurred 
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In the above table one-half of the total nitrogen of the gliadm 
appears as present in the hydrochlorides of the esters Of the 
40 32 gm , 17 96 gm was recovered in the alanine, valine, leucine 
prohne, phenylalanine, glutaminic acid, and aspartic acid, which 
were subsequently separated from the esters Of the remaining 
22 36 gm , 6 80 gm have been shown by direct determinations to 
belong to t 3 rrosine, seiine, cystine, histidine, arginine, and trypto- 
phane, thus leaving 15 56 gm or 38 59 per cent of the ester mtro- 
gen unaccounted for We have thus by a combination of the 
ester method and direct methods accounted for 61 4 per cent of 
the nitrogen piesent in the solution of the ester hydrochlorides 
Considering the well knoivn limitations of these methods, espe- 
cially those for estimating tryptophane, serine, and cystine, the 
unavoidable losses are unquestionably large, but whether these 
losses are sufficient to account for all of this deficit must be deter- 
mined by future investigations 

As to the location of these losses we have obtained the following 
data The esters were liberated with sodium ethylate from the 
solution of the hydrochlorides and 32 5 gra of the 40 32 gm 
originally present were found in the alcoholic solution of the free 
esters The sodium chloride and other substances insoluble in 
alcohol were extracted with alcoholic hydrochloric acid and the 
extracted substances again esterified The alcoholic solution 
of the esters thus obtained contained 5 71 gm of nitrogen, hence 
38 21 gm were recovered in the two alcoholic solutions of the free 
esters, or 94 7 per cent of the original 40 32 gm contained in the 
solution of the ester hydrochlorides The loss in liberating the 
esters by sodium ethylate was therefore relatively small 

These esters were distilled and the amino-acids isolated as 
already described In the ammo-acids recovered m definite form 
there were 13 905 gm , in the alcoholic solution of the prohne 
1 419 gm , and in the undistilled lesidue 19 5 gm of nitrogen, 
making 34 824 gm in all The 3 386 gm of nitrogen thus unac- 
counted for was chiefly present in substances in the upper fraction 
containing the phenylalanine, aspartic acid and glutaminic acid 
esters This unidentified substance doubtless contained some 
serine together with volatile secondary decomposition products 
of the various esters which composed the original mixture i The 

iCf Osborne and Jones Avier Journ of Phtjsiol , wvi, p 305,1010 
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distilled esters, therefore, contained as unidentified nitrogen the 
sum of the unidentified nitrogen of the higher boihng fractions and 
the ammo mtrogen of the alcohohc solutions of the proline, or 4 805 
gm , equal to 12 5 per cent of the total mtrogen contamed in the 
original alcoholic solution of the ester hydrochlondes 
About one-half, or 19 5 gm , of the mtrogen of the esters soluble 
m alcohol remamed m the distillation residue This was treated 
as already descnbed, p 433, and yielded 4 09 gm of mtrogen in 
ammo-acids isolated m defimte form If we assume that all the 
mtrogen of the argmme, histidme, tyrosme, and tryptophane, 
equal to 6 48 gm , as deter min ed by direct isolation, remained m 
this undistiUed residue, the total amount, which might thus be 
possibly accounted for is 10 57 gm , leavmg 8 93 gm or 23 4 
per cent of the total mtrogen of the ongmal esters 
How much of the unidentified mtrogen of the distiUed esters, 
which was 4 805 gm , resulted from decomposition of argimne, 
histidine, tyrosme, and tryptophane cannot be determined from 
any data we now possess further than that argmme and histidine 
esters apparently decomposed to a large extent durmg the distil- 
lation as shown by the fact that of the 5 44 gm of mtrogen ongm- 
aUy present m argmme and histidme only 1 59 gm was recovered 
from this distillation residue, showing a loss of 3 85 gm How 
much of this belonged to volatile decomposition products which 
distilled over with the esters cannot be estimated, but it is evi- 
dent that this loss alone is insufficient to account for all of the un- 
identified nitrogen contamed in the esters However this may 
be, only 29 1 per cent of the mtrogen of this distillation residue was 
actually recovered as defimte substances These data show that 
the greatest loss occurred m distillmg the esters and that this 
was equal to 16 4 per cent of the total mtrogen of the gliadin 
The losses in making this analysis can be thus summarized 


COAMB 

In decolorizing the glutaminic acid hydrochloride solutions 
with bone coal 6 34 

In separating the distilled esters 4 80 

In the distillation residue 16 40 


27 
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This statement indicates that 72 46 per cent of the total nitrogen 
was recovered in definite form, whereas, in fact 75 7 per cent are 
shown by the complete analysis to be accounted for This differ- 
ence IS largely due to the decomposition of the bases, tryptophane 
and other amino-acids during the distillation 
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It IS necessary to state at the outset that the above title is too 
broad for a single paper, so that only a small part of this field 
will be touched upon m this pubhcation 
It has been known for a long tune that sulphur is a constituent 
of protein, and that this element can be identified as lead sul- 
phide by heatmg proteins with alkali m the presence of lead 
acetate Not until about the year 1800, however, was chemical 
evidence of any importance produced, which mdicated the nature 
of the sulphur groupmgs in these natural substances 
In 1797, Ckawford' made his important and interesting obser- 
vation, that hydrogen sulphide was evolved during the putrefac- 
tion of flesh This was followed by Wallaston’s discovery,^ in 
1810, of cystine m an urinary calculus and fourteen years later by 
Gmelm’s® discovery of taurine in ox-gall The first elementary 
analysis of taurine was made by Demarcay* m 1833 Pelouze 
and Dumas® later corroborated Demarcay’s analyses and assigned 
to taunne the formula CjHtOsN Redtenbacher,® m 1846, demon- 
strated that taunne contains sulphur, a fact which had been over- 
looked by its discoverer and later mvestigators, and established 
its correct formula 

The first important observation, which led to any defimte idea 
that sulphur is linked in proteins m more than one way, was 

'Crells Annat , i, p 335 

»PAtJ Trans , 1810, p 223 

•Tiemanii and Gmehn Die Verdauung 

*Ann Chem u Pharm , xx\u, p 286, Chem Zentrbl , 1838, p 261 

‘Ibid , xxvu, p 292 

‘Ibid , l\ii, p 170, Ixv, p 37 
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made by Fleitmanni in Liebig’s laboratory in 1846 He showed 
that only a part of the sulphur in certain proteins was removed 
by heating with alkali, and because of the similarity of their behav- 
ior to that of the two sulphur compounds already detected as 
products of animal metabolism — cijstine and taurine — he desig- 
nated the two forms as oxidized and unoxidized sulphur Daniel- 
ewski,- in 1869, confirmed Fleitmann's observations and in a 
later paper, ^ in 1883, called special attention again to them and 
their significance in computing the molecular weights of proteins 
Evidence that the terms oxidized and unoxidized sulphur did 
not truly represent the different t5fpes of sulphur groupings in 
these substances was produced by Kruger'* in 1883 He deter- 
mined carefully the relative proportions of the two forms of sul- 
phur in ovalbumin and fibrin, and showed that mercaptans and 
thioethers behaved in a similar manner as these proteins when 
heated with alkali On the other hand, oxidized sulphur com- 
pounds as sulfomc and sulfinic acids behaved quite differently 
and were decomposed, under the same conditions, giving alkah 
sulphites Kruger therefore dropped the terms oxidized and 
unoxidized and designated the two forms as loosely hound and 
firmly-bound sulphur 

Goldmann and Baumann,® in 1888, showed that, by heating 
cystine with 10 per cent sodium hydroxide and lead acetate 68 per 
cent of the sulphur was removed as lead sulphide Suter,® who 
later studied the action of alkali on protems, observed the simi- 
larity of their behavior to that of cystine He obtained, by increas- 
ing the time of heating with alkah, as high as 83 per cent of the 
sulphur in cystine 

Schulz^ reviewed the work of these investigators and attrib- 
uted their discordant results to oxidation of the sulphur during 
the digestion with alkali In order to avoid this error he added 
zinc to the soda solution and then was able to account for only 

^Ann Chem {Liebig), Ixi, p 121, Lwi, p 380 

^Zeitsclir / Chem , mi, p 41 

^Zeilschr f physiol Chem , vu, p 443 

^Pfluger’s Archiv, xliii, p 243 

sZeilschr f physiol Chem , mi, p 257 

^Ibid , \x, p 

’’Ibid , XXV, p 16 
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about 53 per cent of the sulphur m cystine after heating Hath 30 
per cent alkah for twenty-five hours Schulz also apphed his 
method to several proteins 

Although the sinulanty between proteins and cystine, in their 
behavior towards alkah, was early recognized, nevertheless this 
knowledge had so far thrown httle light on the nature of sulphur 
combmations in proteins It was not until about 1895 appar- 
ently, when attention began to be paid by chemists to the 
hydrolytic sulphur cleavage products of proteins, that real sig- 
nificance became attached to these old observations 

Kulz,i in 1890, succeeded in isolatmg cystine from the pancreatic 
decomposition products of fibrm This work was followed by 
the important announcement by Emmerhng,- m 1894, of his dis- 
covery of this same substance among the decomposition products 
of horn In 1896, DrechseP observed the formation of a vola- 
tile sulphide by hydrolysis of a keratin with hydrochlonc acid, 
and beheved it to be identical with ethylsulphide, which AbeP 
had detected the year before m urme He also observed that 
the substance from which this volatile sulphide was formed was 
a base, which was precipitated by phosphotungstic acid This 
basic substance however was not identified A year later Muller 
and Seemann^ also described a substance, containmg sulphur, of 
unknown constitution, which was obtained as a cleavage product 
of egg-white Similar observations were made by Blum and Vau- 
beP and also by Hedin 

In 1899 appeared Momer's important paper entitled “Cystin, 
em Spaltungsprodukt der Homsubstanz He confirmed Em- 
merlmg’s’ observation and showed that cystine 13 a normal cleav- 
age product of keratins The same observation was also made 


'Zeilschr / Biol , xxvii, p 415 

Chem Zeit , 1S94, No SO Verb Ges deiUsch Nalurf u Aerlzte, n, 
p 391, 1S94 

^Zcntrbl f Physiol , x, p 529 

*Zeitschr f physiol Chem , xx, p 253 

‘Dissertation, Marburg, 1S98 

^Jouni f prakl Chem , (2) hii, p 365, 1S9S 

''Maly’s Jahresbencht, xxiii, p 43 

‘Zcilschr f physiol Chem , xxvui, p 595 

•Emmerling loc cit 
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independently, about the same time, by Embden^ in Hofmeister’s 
laboratory, who isolated cystine from the cleavage products of 
egg-albumin, serum-albumm and edestin 
This work of Morner and Embden was followed by the important 
researches of Friedmann^ in 2902, on the constitution of cysteine 
and the physiologically important mercaptunc acids Bau- 
mann® had already established the chemical relationship between 
cystine and cysteine and reviewed the former as the disulphide 
of a, a-mercaptoaminopropiomc acid (cysteine) Friedmann 
proved, however, that Baumann’s structural formulae were incor- 
rect and showed that cysteine is a-ammo-j8-mercaptopropionic 
acid, and consequently that cystine is an a, j8-denvative and not 
an a, a compound as assumed by Baumann Friedmann'* also 
showed that a-mercaptopropiomc acid, which had previously 
been detected by Suter® is also an important cleavage product 
of keratins He separated it, in the form of its benzyl derivative, 
from the- acid solutions after hydrolysis of wool, horn, feathers 
and hair 

A new view point and direction was given to the question of 
loosely bound sulphur in proteins by this work of Morner, Embden 
and Friedmann Since it was known that proteins and cystine 
are decomposed by alkali, under similar conditions, with forma- 
tion of alkali sulphide, the question was raised whether the sul- 
phur linkage represented in this sulphur cleavage product is the 
only one to be dealt with m proteins 
Morner® attempted to answer this question He observed 
that about the same percentage of sulphur (75 per cent) was 
detached from cystine by heating 'with alkali, as was obtained bv 
heating horn, hair, serum globulin and serum albumin under the 
same conditions He also found in the solutions from which cys- 
tine had been separated a quantity of sulphur, which yielded about 
the same proportion of lead sulphide This soluble sulphur 

^Zeitschr f physiol Chem , xx\u, p 94 

^ffofmeisier’s Beiirage, u, p 433, iii, p 1 Neuberg Ber d chem 
Qes , \x\v, p 3161 

^Zeitschr f physiol Chem , viii, p 299, 18S4 
*Hofmeister’s Beilrage, iii, 184, 1903 
^Zeitschr f physiol Chem , '?n, p 577, 1895 
Ubid , xxxiv, p 207 
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compound however was not identified Because of this constant 
proportion of detachable sulphur Momer therefore assumed that 
this element was combmed only m the form of cystme Basmg 
his calculations on this assumption he calculated quantities of 
cystme, which accounted for nearly all the sulphur represented in 
the above sulphur proteins On the other hand, Momer concluded 
that the membranes of eggs, ovalbumm and fibrinogen contain 
other sulphur bodies than cystine For example, he could account 
for only a small proportion of the sulphur as cystine in ovalbumin, 
and actuaUy observed the volatihzation of a sulphur compound 
This was not identified and represented about one-third of the 
total sulphur content of this protein He writes as follows 
“Da es moghch ist etwa em Drittel des Schwefels m der Form 
emer fluchtigen Substanzen zu erhalten, ist es nicht unwahr- 
schemhch dass der Schwefel dieses Eiweiss in drei verschiedenen 
Formen gebunden ist ” 

Notwithstanding the fact that Momer’s method of calculation 
was undoubtedly very uncertam, nevertheless, physiological 
chemists attach much importance to his work and stiU lay great 
stress on the fact that cystme behaves as a protein when heated 
with alkali, and consequently is the source of the loosely bound 
sulphur in these natural substances The attention has been 
focused practically wholly on the cystme molecule and no careful 
consideration given to the possibility that there may be other 
unstable sulphur groupmgs in some proteins, which can break 
down, on hydrolysis, giving hydrogen sulphide The fact that 
cystme behaves like a sulphur protem when heated with alkali, or 
that other primary sulphur cleavage products have not been isolated, 
does not preclude the possibility of there being other sulphur 
combinations, which can disintegrate to give hydrogen sulphide 
This assumption is worthy of some consideration and cannot be 
excluded from the discussion of this important question It is 
not inconceivable that in the digestion of proteins with alkahes 
and acids, there may be atomic displacements involving the 
removal of unsaturated sulphur, as m C = S, which can even occur 
before the cleavage of the protein itself and the liberation of the 
cystine molecule 
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Wohlgemuth/ who views cystine as the principal, if not the only 
mother substance of the sulphates, the unoxidized sulphur and 
the salts of dithiomc acid, H 2 S 2 O 6 , m the urine, of taurme m the 
bile and the sulphur products of intestmal decomposition, viz 
hydrogen sulphide, methyl mercaptan and ethyl sulphide, writes 
as follows “Sollte sich in Zukunft heraustellen, dass neben dem 
Cystin noch andre schwefelhaltige Bestandteile im Eiweiss 
enthalten smd, so durften dieselben fur den Stoffwechsel in der 
angegebenen Richtung von untergeordneten Bedeutung sein ” 
Much evidence can be adduced in support of the assumption 
that other groupings besides cystine are present in some proteins, 
which break down on hydrolysis giving hydrogen sulphide It is 
well known for example that the ratio between sulphur split off 
by alkali and that firmly bound differs decidedly in the various 
proteins so far examined This is well brought out by examination 
of the percentages of loosely bound sulphur recorded m the follow- 
ing table, which h' ve been abstracted from a paper on “Sulphur 
in Proteins" by Osborne - Whether these remarkable differ- 
ences in amounts of loosely bound sulphur are to be explained by 
the different proportions of cystine in these proteins or by varying 
percentages of different unstable sulphur groupings, we have not 
as yet convincing evidence An interesting feature of this work 
IS the fact that the percentages of sulphur detached by boiling 
with 30 per cent sodium hydroxide and lead acetate were not in- 
creased by heating the proteins for the same length of time at 
165° 

Suter® in Baumann’s laboratory compared the velocity of lead 
sulphide formation from different proteins with that of sulphide 
formation from pure cystine By using alkali of the same strength 
and working otherwise under practically the same conditions 
he observed that 60 per cent of the sulphur in cystine was split off 
after nine hours boiling with alkali, while hair lost under the same 
conditions 98 8 pei cent and feathers 98 0 per cent of their sul- 
phur after fifteen hours heating 

^Zeiischr f physiol Chem , \1, p 81, \lm, p 469 
-Report of Conn Agr Exp Sla , 1900, p 443 
^Zettschr f physiol Chem , \x, p 564, 1895 
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TiBLE I 

Ratio Between Loosely Bound Sulphur and Total Sulphur 

PERCE'fT OF MC3ELT 
BOOVD aULPHUR* 


Seralbumin 

66 0 

O^haemoglobm (dog) 

59 0 

Serglobulm (horse) 

57 0 

Ghadm 

60 0 

Oxyhaemoglobm (horse) 

50 0 

Vignin 

50 0 

Amandin 

50 0 

Globm 

4S 0 

Glycmm 

46 0 

Vicihn 

46 0 

Legumm 

41 0 

Edestm 

40 0 

Zem 

35 0 

Ovovitellin 

34 0 

Fibnn 

34 0 

Excelsm 

32 0 

Ovalbumm 

30 0 

Phaseolm 

23 0 

Casern 

13 0 


Pick^ made the very mterestmg observation that the albumoses 
prepared from fibrin, which contains about 1 2 per cent of cystme^ 
gave off by treatment with alkah the whole of their sulphur m 
the form of hydrogen sulphide He concluded therefore that the 
sulphur in these proteins cannot be present as cystine His figures 
are given in the foUowmg table 


TABLE II 


1 

! 

HETEBOAJ^HUOSi; | 

PBOTJUkBUJOSS 

Total sulphur ! 

^ cent 

JXr CCTXt 


1 27 

1 30 

Sulphur removed by alkah 

1 14 

1 24 


Hofmann and PregP observed that Lmlin gives lead sulphide 
vhen digested with alkah and lead acetate, but were unable to 


'Zeilschr f physiol Chem , -ccvui, p 254, 1S99 
Momer Ibid , xxxiv, p 207 
*/6id , lu, p 465 
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isolate cystine from the products of hydrolysis The following 
statement is abstracted from their paper 

“Die Unmoglichkeit, aus der m Arbeit genommenen Koilmmenge 
Cystm m Substanz zu isoheren insbesondere aber das Fehlen das Schwe- 
felbleireaktion an der aus der ammoniakalischen Losing erhaltenen ICryst- 
allisation, lasst die Frage unentschieden ob die nach dem Verfahren von 
Morner zum Zwecke der Berechnung der Cystinmenge gefundenen Schwe- 
felwerte wirkhch auf Cystm zu beziehen sind oder niobt " And also as 
follows — “anderseits ist aber die Moghchkeit auch nicht ausser acht zu 
lassen, dass letztere Reaktion (Schwefelbleireaktion) sowie der nach dem 
Mornerschen Verfahren bestunmte Schwefel auf einen Baustein un Koilin 
zu beziehen ist, der mit dem Cystm nicht identisch ist ” 

Buchtala^ determined the relative proportions of cystine formed 
by hydrolysis of men’s hair and nails, horses’ hoofs, cattle-hair 
and hoofs, and swine’s hoofs and bristles with strong hydrochloric 
acid He obtained the largest yield of cystine from men’s hair, 
and also made the important observation that sulphur deposited 
in his condenser tubes during all his hydrolyses except m the case 
of horses’ hoofs He states that no sulphur separated during the 
digestion of this material and makes the following statement 
regarding the behavior of swme’s hoofs and bristles under the 
same conditions — “Schwefel schied sich in betrachtlicher Menge 
ab ’’ He also observed later- that no sulphur separated during 
the hydrolysis of hens’ claws with concentrated hydrochloric acid, 
while on the other hand, this element separated during the hydroly- 
sis of horn shavings under the same conditions Apparently 
physiological chemists have paid little attention to this property 
of proteins depositing sulphur on hydrolysis It is not improbable 
that theie is some connection between this property and the nature 
of the sulphur linkages in these substances 

Cohn,^ who hydrolyzed horn shavings with hydrochloric acid 
for five hours, writes as follows — “Die entweichenden Gase 
rochen nach Schwefelwasserstoff aber nach Mercaptan ahn- 
hch ’’ Buchtala'* subjected to hydrolysis with concentrated 
hydrochloric acid the egg membranes of three different species 


^Zcilschr f physiol Choiti , In p 474, 1907 
-Ibid , 1m\, P 210 
Hbid , wvii, p 410 
^Ibid , Ivi p 11 1^)0S 
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of sharks, viz Scyllium sieUare (1 44 per cent S), Pnstiurus mel- 
anostonus (1 52 per cent S) and Scyllium camcula (1 33 per cent S) 
—but after repeated trials he did not succeed in isolating any cys- 
tme He states that it is questionable whether any sulphur is 
bound in these keratins as cystine 
Rettger^ observed that milk proteins undergo partial decom- 
position on heatmg normal milk above 85 degrees C This was 
indicated by the hberation of a volatile sulphide, m all probabihty 
hydrogen sulphide, which was easily recognized by the blackenmg 
of lead acetate paper and the decolonzation of a potassium per- 
manganate solution 

Bauditsch- observed that when wool was allowed to stand at 
ordinary temperature suspended in neutral hydrogen peroxide 
solution, the hquid finally became acid due to the formation of 
sulphunc acid Chlormated wool, on the other hand, gave no 
sulphuric acid under the same conditions He therefore concluded 
that at least a part of the sulphur m proteins is bound to oxygen 
Raikow® allowed phosphoric acid to act on imbleached wool 
and men’s hair at ordinary temperature and observed that sul- 
phur dioxnde was evolved Smce sulfomc acids and sulphates 
do not react under the same conditions givmg sulphur dioxide, 
Raikow therefore concluded that the sulphur is partly linked m 
keratins m sulphite form Grandmougin* on the other hand, 
claims that bleached wool does not give off sulphur dioxide when 
subjected to the action of phosphonc acid 
To sum up, it therefore appears very probable from a consider- 
ation of the above evidence that there are other sulphur combina- 
tions^ in proteins besides the cystine group, which can break down, 
on hydrolysis, with formation of hydrogen sulphide It seemed 
very desirable therefore to study some types of sulphur groupings, 
which have not been considered and which may be present in 
these natural substances No attempt has been made, so far as 
the writer is aware, to determine by synthetical methods the nature 
of such possible sulphur linkages In order therefore to obtain 

'Amer Joum of Physiol , vi, p 450, 1902 

’C/iem Zeit , xxxu, p 620 

‘CTiem Zett . xxix, p 900, Chem Zenlrbl , 1905, ii p 970 

•Chein Zetl , xx\i, p 174, Chcm Zenlrbl , 1907, i, p 1604 

‘Osborne and Guest This Journal, i\, p 333 
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new data, which may possibly help to advance our present knowl- 
edge of this important question of loosely bound sulphur, and 
consequently help to arrive at a clearer understanding of the 
various normal and pathological changes of this element in ani- 
mal and plant orgamsms, we have begun a systematic study of 
the thioanoides of ammo-acids The following paper is the first 
contribution to this investigation 



THIOAMIDES THE FORMATION OF THIOPOLYPEP- 
TIDE DERIVATIVES BY THE ACTION OF HYDRO- 
GEN SULPHIDE ON AMINOACETONITRHE 

By treat B JOHNSON and GERALD BURNHAM 
(From the Sheffield Ldboralory of Yale Vnitereily ) 

(Received for pubbcation, May 22, 1911 ) 

The two types of oxygen groupings represented among the 
vanous cleavage products of proteins are the hydrovyl group 
OH, which 13 present in the anuno-acids, senne (I), ovyprolme 
(III) and tyrosme (V), and the keto form, — COOH and CONH— , 
present in the polypeptides (VH) and then: anhydrides (IX), m 
asparagme and the ammo-acids themselves If one takes a prac- 
tical, chemical view of sulphur proteins and considers them as 
oxygen proteins m which oxygen has been partially displaced by 
bivalent sulphur, then theoretically only two types of sulphur com- 
binations need to be taken mto consideration viz mercapto SH 
and thioamide, CSNH or C( NH)SH, correspondmg to the two 
oxygen groupings Cysteine (II) repr^ents a sulphur cleavage 
product correspondmg to the oxygen acid serme (I) The corre- 
spondmg sulphur denvatives of oxyprohne and tyrosine, viz 
thoprohne (IV) and thwtyrosine (VI) have not been detected among 
the cleavage products of proteins or prepared synthetically 
The sulphur analogues of the polypeptides and their anhydrides 
(diacipiperazmes) viz thiopolypeplides (VIII) and dithiopiper- 
mines (X), represent two new classes of orgamc compounds A 
knowledge of their chemical properties is therefore of the greatest 
importance, because of the possibility that thiopolypeptide group- 
ings -NHCHjCS- may be present m some sulphur protems ' 

I Preliminary paper, This Journal, ix, p 331, 1911 
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Thioamides 


H0CHsCH(NH3)C00H — > HSGHiCH(NH2)C00H 
I II 

(Serine) (Cysteine) 

CjHaN CH(OH)COOH -> CjHeN CH(SH)COOH 
III IV 


(Oxyprolme) (Thioprolme) 

H0C6H<CHaCH(NHj)C00H HSCjH 4 CHjCH(NH 2 )COOH 
V VI 

(Tyrosine) (Thiotyrosine) 

NHjCHjCONHCHjCOOH NHaCHaCSNHCHjCOOH 

vri VIII 


(Glycylglycine) 


(ThioglycyJglycine) 


NH 

/\ 

CHj CO 

I I 

CO CHo 

\/ 

NH 

IX 

(Diacipiperazine) 


NH 

/\ 

CHa CS 

I I 

CS CH. 

v/ 

NH 

X 

(Dithiopiperazme) 


In 1850, Strecker^ published his important paper describing the 
synthesis of a-alamne (XI) from acetaldehyde, ammoma and hydro- 

yOH yNHa 

CHjCHO -> CHjCH -> CHjCH -> CH3CH(NH3)C00H 
^CN '^CN 


cyanic acid Thirty-eight years later, m 1888, Weyl- discovered 
this amino-acid among the cleavage products of fibroin Strecker’s 
method of sjmthesizmg a-amino-acids has not only received a wide 
application, but it has also assumed great biological importance 
owing to the fact that formaldehyde, ammonia and hydrocyanic 
acid are believed to be primary assimilation products m the metab- 
ohsm of proteins 

Treub,* for example, assumes that prussic acid, formed from 
sugar and inorganic nitrates, is one of the first assimilation products 

* Ann Chem (^Liebig), I\xv, p 28 

® Ber d chem Ges , xxi, p 1529 

* Ann Jard bot Bmtengorg, 1895, 1904 
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of plants and that this unites with formaldehyde and ammonia 
givmg ammo nitriles, which are then hydrolyzed to the ammo-acids 
Franzen* has suggested that the polypeptides may be formed in a 
similar manner by the interaction of acid amides and the mtriles 
of the a-hydro'^y-acids 

If now these amino mtriles play, as is assumed, so important 
a r 61 e m the formation of proteins from simpler substances, then 
it is very desirable to have knowledge of their behavior towards 
hydrogen sulphide So far as the writer is aware the action of this 
reagent on mtriles of this character has not been investigated It 
seems plausible that hydrogen sulphide may be the first assimila- 
tion product of morgamc sulphates (CaSO^jMgSOj) and that thio- 
amide groupings functionate mthesynthesis of sulphur proteins, be- 
mgformedbytheadditionof hydrogensulphide totheammo mtnles 
The important investigations of BeijenncL^ Saltet^ and van 
Delden^ lend support to such an assumption These mvestigators 
have isolated pure cultures of anaerobic bacteria from brackish 
waters and swamp mud, which are capable of reducmg morgamc 
sulphates directly to hydrogen sulphide and sulphur 

We have now exammed the action of hydrogen sulphide on the 
sunplest ammomtnle of the above type viz ammoacetomtrile,^ 
NH; CHjCN, which is formed by the action of ammoma and hydro- 
cyamc acid on formaldehyde, and have obtamed some very inter- 
esting results This mtrile reacts normally with hydrogen sulphide 
at ordinary temperature, givmg the unknown thioamide of gly- 
cocoU (Xn) This amide however was not isolated It is ex- 


NH, CHjGN + HiS = NHiCH,CSNH, 

XII 

tremely unstable and slowly undergoes, in alcohohc solution, a 
spontaneous decomposition giving the thiopolypeptide derivative 
thioglyci/lglyanihtoamide (XIII) with loss of a molecule of am- 
moma This change is represented by the followmg equation 

' Sitzungsher Heidelberger Alad TTiss , 1910 

* Zenlrbl J Bakl , 1S95, ii, p 1 

* Ibid , 1900, ij, p 64S 

* Zenirbl f Baki , 1903, ii, pp 81, 113, also Goslings Ibid, 1901, ii, p 385 
‘ Ivlages Ber d chcm Gcs , xxwi, p 1514 
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NH2CH2CSNHJ + NHoCHjCSNHj=NH2CHsCS NHCHjCSNHj + nh, 

XIII 

This thioamide is the sulphur analogue of glycylglycmamide 
NPIs CH2 CONHCHo CONHsj whose carbonyl and carbethoxy 
derivatives have been described by Fischer ^ Its structure was 
proved by the facts that it dissolved in both acids and bases, and 
gave on hydrolysis with hydrochloric acid glycocoll hydrochloride, 
hydrogen sulphide and ammonium chloride, 

NHjCHjCSNHCHjCSNHj + dHjO + 3 HC 1 = 
2 NH 2 CHjCOOH HCl + NH4CI + 2H2S 


Thioglycylglycmthioamide (XIII) is not the only product formed 
by interaction of hydrogen sulphide with ammoacetonitrile 
This thioamide undergoes an inner condensation, at ordinary tem- 
perature, giving the hitherto unknown dithiopiperazine (XIV) 
with loss of a molecule of ammonia In fact this cyclic derivative 


NEi 

/ 

CHj CS NHj 

1 I 

CS CHj 

\ / 

NH 

XIII 


NH 

/\ 

CHi CS 

I I + NH; 
CS CH. 

\/ 

NH 

XIV 


is the chief product of the reaction The structure of this piper- 
azine is established by the following facts It dissolves in cold 
alkali and is precipitated unaltered by addition of hydrochloiic 
acid It possesses no basic properties proving the absence of a 
free ammo group, and undergoes hydrolysis with strong hydro- 
chloric acid giving glycocoll hydrochloride and hydrogen sulphide 
There was no evidence of the formation of any ammonium chloride 


NH 

/\ 

CH. CS 

I ' j 4-4H20-f 2HC1 = 2 NHjCH.COOH HCl-}-2H2S 

CS CH 2 

\/ 

NH 


1 Ber d chem Gcs , x\xv, p 1095 
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The relationship between aminoacetthioamide and dithiopiper- 
azme is therefore similar to that between ethyl ammoacetate ana 
diacipiperazine Curtins,* for example, has shown that this ester 
likewise undergoes a spontaneous decomposition in aqueous solu- 
tion, at ordinary temperature, givmg diaciperazme corresponchng 
to dithiopiperazme He also observed that this piperazmewas 
not the only product of this decomposition, but isolated another 
substance (biuretbase) which he proved to be the ethyl ester of 
tnglycylglycm (XV) These relationships are expressed by the 
following formulas It is of interest to note here that we have 

NH,CHjCOOC;Bi NHiCHiCO(NHCH,CO) jraCHjCOOCiHs -> 

XV 

NH 

/\ 

CHj CO 

1 1 

CO CH, 

\/ 

NH 


XH.CHjCSNH, -^NHjCHiCS NHCH,CSNHj 


im 

/\ 

CH, C3 

I I 

CS CHi 
\/ 
NH 


reasons for believing that trithioglycylglycinthioamide NHjCHiCS- 
(NHCHjCSli NHCH2CSNH2 corresponding to the ester (XV), is 
also formed by the decomposition of ammoacetthioamide, but 
were unable to isolate it sufficiently pure for analysis 

This property of a thioamide reacting as an ester with bases and 
giving a new thioamide with loss of ammoma is not a common 
reaction for thioamides The reaction in the case of amino- 
acetthioamide IS unique, because it takes place at such low temper- 
atures Analogous transformations have been descnbed by 

‘ Curtiua and Goebel J ourn f praf I Chem , (3) xxxvii, p 170, Cur- 
tiua Bcr d chem Ges , rccvu, p 12S4 
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Wallach^ who observed, for examnip + 

o^nide (rubeanwasserstoif) Tn be H° fT“ “ 

Pnmary aliphatic amines giving subsS^Tfs ‘“S 
Aromatic bases however did not Let iwL tt 


CSNH, 

CSNH, 

XVI 


+ 2CH3NHj = 


CSNHCHg 

CSNHCH, 
XVII 


+ 2 NH, 


t:eh^;^“rr 

Z12 rZnt 

aoted in a similar ma^f o„ tT“ “>'»‘>«<le re- 
glyoxahn (XX.) ' mating, giving phenyldihydro- 


CSNHi 

CSNH, 

XVI 


+ 2NH, (CHJg m, = 

CSNHCCH,;g2NH/^^^‘ 

XVIII 


CHg 


CHj JyJ- 

\ y 

^c-c 

CHi—NH NH-CH 

xrx 


CsHiCS NHj + NHi (CHj) jNHj = NHj + Cj Hi C 


N - CH, 



The study of thioamides of amino-aoids will be continued in this 
aboratory Since it is known that the oxygen amides can be ob! 
tamed by chsulphuriaation of thioamides, this synthesis of thio- 
polypetide derivatives betokens a new method of preparing nolv- 
peptide compounds fa f y 


^ ,flnn C/iem (Liebig), cclxu, p 351 
* Ber d chem Ges , xxv, p 2132 
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EXPERIMENTiL PART 

AminoacdominU Sulphate, NH«.CHi.CN HiSOi 

Thjs sulphate, which was used m this investigation, was pre- 
pared according to Klage’s^ directions by hydrolysis of methylene- 
aminoacetonitnle (CHi N CHiCN)^ with dilute sulphuric acid 


Action of Hydrogen Sulphide on Aminoacelominle 
Dithiopiperazine 


NH 

/\ 

CH, CS 

1 1 
CS CH, 

\/ 

NH 


N 

/\ 

CH, CSH 

1 1 

HSC CH, 
N 


Different products are formed by the action of hydrogen sulphide 
on annnoacetomtrile, in alcohol solution, depending upon the tem- 
perature and length of time of treatment with the gas It was 
very difBcuIt therefore to regulate the conditions so as to obtain 
this piperazine in good yields and free from impurities The 
products of the reaction were always contanunated with dark- 
colored, melamn-like substances if the hydrogen sulphide was 
allowed to act on the mtnie above 50-60 ° 

Experiment I Twenty grams of anunoacetomtrile sulphate 
were finely pulverized and suspended m 100 cc of alcohol, which 
had been saturated with ammonia gas at 0 ° On conducting 
hydrogen sulphide gas into the solution at 0° it assumes a light 
yellow color, but if the solution is allowed to become warm dunng 
this operation it takes on a dark red color and secondary products 
are formed After continual treatment with the gas for about 
4 hours the above piperazme had separated as a hght brown sandy 
povder mixed with ammomum sulphate This was filtered off 
and the alcoholic filtrate saved (see below) The thiopiperazme 
vtas separated from ammonium sulphate by tnturation iwth cold 
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water and then dried at 100 “ The weight was 3 5 grams This 
compound is insoluble in boiling water and alcohol It is a weak 
acid and dissolves m cold, dilute sodium hydroxide solution, without 
decomposition, giving a red solution of its disodium salt It is 
reprecipitated unaltered from solutions of its sodium salt by addi- 
tion of hydrochloric or sulphuric acids as a light grey microscopic 
powder The compound is decomposed by digestion in sodium 
hydroxide solution with formation of sodium sulphide and the sod- 
ium salt of glycocoll There was no evidence of any evolution of 
ammonia proving the absence of thioamide nitrogen — CSNHa 
It has no definite melting or decomposition point, but begins to 
turn brown at about 160° and at 270-280° becomes jet black, but 
does not effervesce below 300 ° In order to purify the compound 
it was always necessary to dissolve it m cold alkali and reprecipi- 
tate it by addition of acids An explanation for this procedure 
will be given below The lead and mercury salts of the pipera- 
zine separate at once on addition of lead acetate and mercury 
chloride respectively to an aqueous solution of the sodium salt 
They are both light-brown colored salts, which are apparently 
quite stable at ordinary temperature but decompose on beating 
m a water bath giving lead and mercury sulphides The silver 
salt separates m a gelatinous condition and begins to decompose 
at once with formation of black silver sulphide 

Analyses I 0 1942 gram gave NHj == 0 03693 gm N 
II 0 1405 gram gave NHs = 0 0268 gm N 

Found Calcuhted for Calculated for 

C HeN S CiHjNiSj 

N I 19 02 II 19 07 301 19 20 

After filtering from the thiopiperazme the ammoniacal filtrate 
(above) was allowed to evaporate spontaneously at ordinary 
temperature when a yellow colored, amorphous substance finally 
deposited After the alcohol had completely evaporated however 
this substance gradually assumed a red color, indicating oxidation 
or a secondary change, and a gummy residue adhered to the sides 
of the dish These transformations on exposure to the atmosphere 
and especially on heating were very remarkable The material 
was first triturated with cold water to remove any ammonium 
sulphate present, and then, after drying, triturated with carbon 
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bisulphide to remove any sulphur The product thus obtamed 
was a dark brown powder and the weight was 2 0 grams When 
heated m a capillary tube it began to yield at 70,° turned dark 
colored and then melted from 80-95° with evolution of hydrogen 
sulphide and formmg a black tar This substance was insoluble 
m 95 per cent alcohol and cold water When wanned with water 
it slowly underwent decomposition with evolution of hydrogen 
sulphide and a clear solution was finally obtamed. It dissolved 
m cold, dilute sodium hydroxide solution giving a red solution 
On addmg hydrochlonc acid a brown precipitate separated m 
neutral solution but dissolved agam on adding an excess of acid, 
showing both basic and acid properties When the sodium hydrox- 
ide solution was heated ammoma was immediately evolved and 
then on acidifying the solution with hydrochloric acid hydrogen 
sulphide was copiously evolved mdicatmg the presence of sodium 
sulphide m solution The compound dissolved in dilute hydro- 
chlonc acid givmg a clear solution which evolved hydrogen sul- 
phide on warmmg The cheimcal behavior of the substance 
mdicated the thioamide of ammoacetic acid — ^NHsCHsCSNHj 
A mtrogen determmation however proved that it was not this 
amide but a thiopolypeptide denvative corresponding to glycyl- 
glycmamide — NHsCHiCONHCHsCONH: — or thioglycylglyan- 
ihioamide, NHiCHjCSNHCHiCSNHj 

Analyses 0 1576 gram gave NHj = 0 03S75 gram K 

Found Calculated lor Calculated for 

CiHaNiSa 

N 24.6 25 8 30 1 

The low result obtamed for mtrogen was due to the presence 
of a small amount of the thiopiperaame as impunty This thio- 
polypeptide denvative always deposits with the above piperazme 
when conducting hydrogen sulphide mto the alcohohc solution 
of the ammoacetomtnle Therefore the necessity of purifying 
the cycUc compound for analysis, as descnbed above, by dissolvmg 
it m cold alkali and reprecipitatmg with an excess of acid The 
basic thioglycylgiycmthioamide is dissolved by the excess of acid 
All our attempts to isolate from the ammomacal solutions the 
plain thioamide — ^NH-CHaCSNHj — were unsuccessful It seems 
not improbable that tn- and even tetrathiopolypeptides may also 
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have been formed here as well as the thioanude which we isolated 
The residues obtained after spontaneous evaporation of our ammo- 
niacal solutions contained sulphur and were strongly basic indicat- 
ing the presence of such combinations, but we were unable to isolate 
a substance from them sufficiently pure for a reliable analysis 

H^jdrolysxs of Dilhiopi'perazine vnth Hydrochlonc Aad 

/CS - CHj 

/ \ 

NH ^NH + 4 HiO = 2 Hi S -f 2 NHj CHj COOH 

- CS 

One gram of the dithiopiperazme was suspended in 20 cc of 
concentrated hydrochloric acid, in a flask connected with a return 
condenser, and then heated on the steambath The piperazine 
dissolved very slowly with evolution of hydrogen sulphide and after 
one hour’s digestion there was still some unaltered material, which 
had not dissolved The solution was then heated for another 
hour when a clear red solution was obtained with a small amount 
of free sulphur in suspension A thin film of white sulphur had 
also deposited in the condenser tube After filtering, the solution 
was evaporated to dryness when we obtained a crystalline sub- 
stance colored a deep red and mixed with a small amount of dark 
colored amorphous material The residue was dissolved m boiling 
water, decolorized with bone-black and then allowed to evaporate 
m a vacuum over sulphuric acid We thus obtained a colorless, 
crystalline deposit of the pure hydrochloride of ammoacetic acid 
When some of the salt was dissolved m dilute sodium hydroxide 
solution and this was boiled, there was no evolution of ammonia 
proving the absence of any ammonium chloride The hydro- 
chloride was dried for analysis at 100 ° 

Analyses I 0 2387 gram gave NHj = 0 03110 gram N 
II 0 2505 gram gave NHs = 0 03250 gram N 

Found Calculated lor 

CfHaOjN HCI 

N I 12 9 II 13 0 12 6 

Some of the hydrochloride was dissolved m cold water and Bau- 
mann and Schotten’s reaction applied with benzoylcliloride and 
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sodium hydroxide No crystalline material separated from the 
alkalme solution provmg the absence of benzamide and conse- 
quently the absence of ammomum chloride m the glycme salt 
When the alkalme solution was acidified with hydrochloric acid 
hippunc acid separated in prismatic crystals and melted after one 
crystallization from dilute alcohol at 18&-187 ° A mixture of 
this substance and some pure hippunc acid melted at the same 
temperature 


Hydrolysis of Thioglycylglycinthioannde with Hydrochloric Acid 
NHiCHjCSNHCHjCSNH, + 4HjO = 2NHiCH,COOH + 2H.S + NH, 

One gram of the thioamide was dissolved m 20 cc of concen- 
trated hydrochloric acid and the solution boded for two hours 
Hydrogen sulphide was evolved and sulphur deposited m the con- 
denser tube The dark red solution was filtered and evaporated 
on the steam bath when we obtamed a thick, g umm y substance, 
which was very soluble m water and still contamed sidphur This 
was dissolved again m a large volume of concentrated hydrochloric 
acid and the solution allowed to evaporate on the steam bath 
We then obtamed a dark colored viscous residue, which dissolved 
immediately m cold water Dilute sodium hydroxide was then 
added until the solution was neutral when a shght amorphous 
precipitate separated This was filtered off, the solution acidified 
with hydrochloric acid and then decolorized by long digestion with 
bone-coal This clarified solution contmually assumed a dark 
red color on evaporating m the air, and m order to prevent this 
change it was necessary to evaporate m a vacuum, at ordmary' 
temperature, over sulphunc acid We thus obtamed a crystal- 
line deposit of the hydrochloride of ammo-acetic acid mixed with 
ammomum and sodium chlorides The presence of ammonium 
chlonde was proved by the fact that ammoma was copiously 
evolved immediately on -warnimg some of the material with sodium 
hydroxide Since it was impossible to separate the hydrochlonde 
of glycocoll by crystalhzation, its presence was established by dis- 
solving the mixed salts in water and applying a Baumarm and 
Schotten reaction with benzoylchloride On acidifying the solu- 
tion a mixture of benzoic and hippuric acids was obtained The 
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benzoic acid was first removed from this mixture by digestion with 
ligrom and the insoluble hippuric acid then recrystallized from 
dilute alcohol It separated m prisms melting at 185-187° A 
mixture of this material and pure hippuric acid melted at the same 
temperature 

Experiment II In this experiment 50 grams of the sulphate of 
amino-acetonitrile were finely pulverized and then sifted into 150 
cc of cold, concentrated alcoholic ammonia After thorough agi- 
tation in order to obtain a complete decomposition of the salt 
the undissolved ammonium sulphate was then separated by filtra- 
tion Hydrogen sulphide gas was conducted into the ammoniacal 
solution of the free nitrile, at 0°, for exactly one hour The solu- 
tion was still clear and no piperazine had separated It was then 
allowed to stand, at ordinary temperature, for 10 hours before being 
examined again The alcohol had then assumed a light yellow 
color and a light grey powder had deposited on the bottom and sides 
of the flask This substance did not melt below 300° and the 
weight was 5 0 grams (Crop I) Hydrogen sulphide was again 
conducted into the solution for one hour at 0° and then allowed to 
stand again for about 10 hours when we obtained 4 5 grams more 
of a fine powder which did not melt or effervesce below 300° (Crop 
II) The alcoholic filtrate was then saturated with hydrogen 
sulphide gas for one hour and allowed to stand again at ordinary 
temperature when more material continued to deposit The alco- 
hol solution was finally concentrated at ordinary temperature under 
diminished pressure to a volume of 20-25 cc and the undissolved 
material separated This weighed 3 0 grams and did not melt 
below 300° On further evaporation of the alcohol filtrate a black 
melanin-residue containing sulphur was obtained from which we 
did not succeed in isolating a defimte substance The 3 0 grams 
of material melting above 300° were washed with water to remove 
all traces of ammonium sulphate and then dried for analysis over 
sulphuric acid The nitrogen determinations indicated that we 
were dealing with dithiopiperazme contaminated with a little 
thioglycylglycmthioamide or the amide of glycocoll That this 


Anali/sis 


I 

II 


0 30S8 gram gave NHj = 0 06199 gram N 
0 1465 gram gave NHj = 0 02962 gram N 

Uniind Colcuintod foi Calculated for 

Cm8N2Si C,H»N,Si 


19 20 25 8 


N 


I 20 0 


II 20 2 
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assumption was correct was shown by the behavior of the material 
towards sodium hydroxide solution It dissolved in dilute alkali 
with slight evolution of ammoma, and on acidifying the solution 
with dilute hydrochloric acid hydrogen sulphide was evolved and 
the dithiopiperazme deposited as an insoluble, light-grey powder, 
which did not decompose or melt below 300° 


Examination of Crop I (Above) 

Analyses 0 1691 gram gave tsTHj = 0 03403 gram N 

Found Calculated for 

CiHsNiS, 

N 20 13 19^ 

This crop of 4 8 grams was dissolved m 25 cc of a cold sodium 
hydroxide solution when ammoma was evolved and a clear solu- 
tion resulted After filtermg from a trace of sulphur the solution 
was diluted with water to 200 cc and then acidified with hydro- 
chloric acid Hydrogen sulphide was evolved and 3 9 grams of 
the dithiopiperazme separated and on analysis gave 19 00 pei cent 
nitrogen In order to prove the presence of thioglycylglycm- 
thioarmde m the acid filtrate, it was diluted with concentrated 
hydrochloric acid and then evaporated to dryness on the steam 
bath We obtamed a dark colored crystallme residue which dis- 
solved m cold water with the exception of a trace of sulphur This 
solution was made aikalme with sodium hydroxide, when ammonia 
was evolved, and then shaken with a few drops of benzoyl chlonde 
On acidifiymg the solution and cooling a mixture of benzoic and 
hippuric acids deposited The benzoic acid was removed by diges- 
tion with hgrom, and the insoluble material punfied by crystalliza- 
tion from dilute alcohol It melted at 187° and when mixed with 
hippunc acid the meltmg point was not changed Therefore the 
above filtrate contained thioglycylglycinthioamide which under- 
went hydrolysis by heating its acid solution givmg ammoacetic 
acid, ammoma and hydrogen sulphide 


Examinahon of Crop II (Above) 


Analyses 


N 


I 

II 


0 3776 gram gave NHj = 0 0S15 gram N 
0 2713 gram gave NHj = 0 05S69 gram N 


Found 


CalcuUtcd for 
19420 


Calculated for 
CUlsN»Si 

258 


I 215 


11 216 
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This crop similar to crop I, was apparently a mixture of the 
dithiopiperazine and thioglycylglycinthioamide In order to 
separate the piperazine the material was dissolved m sodium 
hydroxide and then precipitated in the usual way with acid There 
was a strong evolution of hydrogen sulphide and 1 6 grams of the 
piperazine separated as a light grey powder 



THE DIGESTIBILITY OF WHITE OF EGG AS HfFLU- 
ENCED BY THE TEMPERATURE AT WHICH IT IS 
COAGULATED 


By PHILIP FRANK 

{From the Physiological Lahoratones of the Tulane Vniiersity of Louisiana, 

New Orleans ) 

(Received for publication, May 31, 1911 ) 

In the course of an investigation in which the Mett tube method 
was used for standardizing ferments, it was suggested by Prof 
Gustav Maim, that it would be mterestmg to detenmne whether 
the digestibihty of egg albumm could be affected by the tempera- 
ture at which It had been coagulated For, although egg albumm 
coagulates at 73° C (Halhburton), yet the presence of other con- 
stituents, particularly globuhn, m the white of egg might so affect 
the state of coagulation of the egg albumm proper as to show a 
difference in the rate of digestion between white of egg gradually 
heated to the pomt of coagulation of the egg albumm and that 
suddenly coagulated at higher than the coagulatmg temperature 
Accordingly, the whites of fresh eggs were beaten mto a stiff 
foam and then allowed to stand m the ice-chest over mght From 
the liquid that separated out, Mett tubes were made as follows 
A glass tube of about 2 mm bore and of about 30 cm length was 
bent upwards and outwards at both ends, to allow of its suspen- 
sion in a horizontal plane during coagulation, and the egg-white 
was sucked up mto it A large pan was filled with a known quan- 
tity of water (6 hters) and two supporting rods were placed across 
it to support the Mett tubes A thermometer was immersed m 
the water at the same level as the tubes The water was then 
heated and the tubes placed mto it in the foUownng order, viz , 
one at 40° C and others at 50°, 60°, 80°, 90°, and 100° C respec- 
tuelj At70°C two tubes were immersed, one of which was with- 
drawn when the temperature reached 75° C and which I have 
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labelled 70° X The tubes placed lu the bath at the different tem- 
peratures from 40° to 00° C were kept m the water until the tem- 
perature of the bath reached 100° C at which temperature, 
including the tube immersed at 100° C , they were left for five 
minutes 

In the preparation of these tubes, care was taken to avoid the 
inclosure of any air bubbles as their presence constitutes a source 
of great maccuracy Care was also taken to insure equal incre- 
ments m the rise of the temperature of the water bath through 
equal periods of time To have an equable temperature through- 
out the bath, the water was gently stirred 

The first change m the appearance of the egg-white was invari- 
ably noticed at 60 5° C when it became faintly translucent and 
bluish As the temperature continued to rise to the coagulating 
point of the albumin, the egg-white became whiter The appear- 
ance of the coagulated egg white differed very markedly accord- 
ing as to whether it was immersed m the water at a low tempera- 
ture and then gradually heated to the point of coagulation and 
beyond, or, whether it was immersed at a high temperature at the 
start The former had a distinctly bluish tint varying according 
to the degree of heat, whereas the latter was creamy-white m color 
It IS comparatively easy, by observing the tinge of the coagulated 
material, to determine approximately at which temperature the 
tubes were placed in the bath 

From the tubes thus prepared, pieces about 4 cm long were cut 
off and subjected to peptic digestion For purposes of compari- 
son, the pieces were suspended vertically m the following way 
the 40° and the 100° were put in one bottle, the 50° and 90° in 
another, the 60° and 80° in a third and the 70° and 70° X in a 
fourth bottle To each bottle, 15 cc of the pepsin solution were 
added, as well as ten drops of chloroform to act as an antiseptic 
The pepsin used was that prepared in scales by Parke, Davis and 
Company of which a 1 per cent solution was made in 0 4 per cent 
hydrochloiic acid Care was taken also that all the tubes were 
suspended in the digestive fluid at an equal level Subsequently, 
experiments were made in which all the tubes were suspended in 
one bottle, each tube being placed in a vertical groove around a 
cork which was hung by a hook from the stopper But no differ- 
ence in the results was obtained 
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The results shoived a difference both as regards the zone of 
hydrochloric acid action and the zone of total digestion of the 
albumin, thus, the albumin gradually heated up from a low tem- 
perature was more acted upon, m both respects, than that which 
was immersed at a higher temperature, % e , the 40'’ alb umin 
showed a greater zone of hydrochloric acid action and a greater 
zone of absolute clearness, equivalent to total digestion, than did 
the 100“ albumm The 50“ was more acted upon, m the same way, 
than the 90° and the 60“ more than the 80“ 

Furthermore, the 40° albumin was acted upon to a larger extent 
than the 50° albumm, the 50° more than the 60“ and so on up to 
the 100° 

The albumm which had been taken out at 75° C — ^70° X — 
showed the greatest amount of change both m respect to the action 
of the hydrochlonc acid and to the total digestion and was far m 
advance of all the others 

The followmg tables will brmg out these points m figures All 
of the results are expressed m millimeters 
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TABLE n 



TABLE III 



T^VBLE IV 
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Cdrve 1 Showing zone of hj drochlonc acid action 
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HOURS 


CuR'VE 2 Showing zone of total digestion 

From these curves it will be noticed that 1 The progress of 
the hydrochloric acid action and the total digestion is most rapid 
m the albumin not heated beyond 75° C 

2 If the tubes were heated up to 100° C , then those m which 
the heatmg started at 40° show greater hydrochloric acid action 
and digestibility than those started at 50° and so on consecutively 
while the 100° shows the least 

3 The rate of digestion seems to progress more evenly with the 
hydrochloric acid action in the albumin heated up to 75° C than it 
does m the others. Whereas the 70° X shows (accordmg to the 
last reading given) 19 7 mm hydrochloric acid zone and 18 3 
mm absolute digestion, the 40° shows 16 1 mm hydrochloric acid 
zone and only 7 0 mm absolute digestion 

4 The progress of the hydrochloric acid action and the diges- 
tion while proportionately greater the longer the period of diges- 
tion, dimimshes relatively as digestion contmues 

5 The ratio between the digestibility of the 40° albumm and 
the 70° X, from these curves, would be as 1 2 6, while the ratio 
of the hydrochloric acid action would be as 1 12 
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Conn and Ansiaux*^ and Hewlett- have shown that if white of 
egg 13 kept long enough at a temperature below that at which 
heat-coagulation occurs, the formation of opalescence and of fiocculi 
will take place And Halliburton’ showed that this is due to the 
presence of a globuhn in the e gg- white which has a coagulatmg 
temperature below that of the egg albumm proper It is stated 
that this coagulatmg temperature varies from 45° C to 00° C 
But as noted above, the first change observed m these experiments, 
owmg to the short subjection of the white of egg to the heat, mirari- 
ablj took place at 60 5° C 

It has been shown, microscopically by Butschh and Hardy* 
and by Alann’ that when a coUoid separates out, an insoluble net- 
work or meshwork is formed m the mterstices of which the sol- 
vent of the colloid is contamed The formation of globuhn gran- 
ules, we assume, actmg as fixed pomts throughout the protem 
material causes the particles of coagulated albumin to be more 
fine y and evenly distnbuted and makes it impossible for the albu- 
min, on coagulation, to form coarse trabeculae Hence, the egg- 
white gradually heated from a low temperature to its coagulatmg 
pomt shows a greater digestibihty than that heated at once at the 
higher temperature The difference m the color of the coagulated 
albumin depends upon the fineness and the homogeneity of dis- 
tribution of the particles The finer and more homogeneous 
the albumm is, the more translucent and blmsh will it be The 
coarser and less homogeneous it is the whiter and more opaque 
will it be 

The reason that the alb umin labelled 70° X shows such marked 
increase m both hydrochloric acid and peptic action is due to the 
fact that the length of time of immersion m the water bath was 
insufficient to cause its complete coagulation For ordmary pur- 
poses, however, such as for boilmg eggs, this consistency of the albu- 
mm 13 qmte sufficient and from a dietary pomt of view is very 
desirable and advantageous That there is a difference m the 
homogeneity between the albumm heated only to 75° C and the 

‘ Bull dc I'academte roy de Belgique, xxi, p 3, 1891 
5 Journal of Physiology, xin, p 4^1, 1S93 
» Schafer’s Tczl-Bool of Physiology 
* Mann 3 Physiological Histology, p 122 
’ Ibid 
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40°, 50°, 60°, etc , is shown by the following experiment Egg- 
white has a reducing power For example, white of egg mixed 
with indophenol or with sodium sulphindigotate will cause a reduc- 
tion of the dye on standing for several hours whether it be exposed 
to light or kept m the dark Coagulation of the albumm causes 
a marked enhancement of this power of reduction Mett tubes, 
made as described above except that in one series the egg-white was 
mixed with litmus, in another series with indophenol and in a 
third series with indigo-carmine, showed a rapid reduction of the 
dye while the tubes were still in the water bath The degree of 
reduetion varied On the whole, it was greater in the tubes that 
were subjected for a longer time to the heat On exposure to the 
air, the color of the dye would gradually reappear The 70° X, 
however, showed the least reduction and, as compared with the 
other tubes, was distinctly more permeable to light If the tubes 
were sealed in the flame before immersion in the water bath, no 
difference was seen It is not, therefore, a question of the expul- 
sion of the oxygen gas but of a reduction of the dye by probably 
traces of sugar in the egg albumm 

It IS quite evident, from the results discussed in this paper, that 
the Mett tube method of standardizing ferments is an unrehable 
one unless special precautions be taken In addition to the vari- 
ous objections that have been raised against it, such as the inclo- 
sure of minute air bubbles within the white of egg, and the settling 
of the egg-white withm the tube before coagulation causing uneven 
layers, it must be stated that inasmuch as the digestibility of the 
perfectly fresh egg albumin will differ according to the tempera- 
ture at which it IS coagulated, the temperature at which coagula- 
tion takes place must be known before the strength of a ferment 
can be expressed in millimeters of digestion 

Further work will be undertaken to determine whether albumm 
placed directly into boiling water for different lengths of time, all 
evaporation being guarded against, will not also show differences 
in digestibihty 

In conclusion I wish to thank Dr Gustav Mann for his many 
helpful suggestions and criticisms throughout this work 



THE AMINO-ACIDS IN THE MATURE HUMAN 
PLACENTA 

ByABTHUR H KOELKER aud J MORRIS SLEMONS 

[FromiheLaioratonesof Physiological Chemisiry and Ohstetncsof the Johns 
Hopkins University ) 

(Received for publication, June 7, 1911 ) 

Interest m the amino-acids of the placenta has been stimulated 
by recent agitation concerning the manner m which the organ 
performs its physiological function, as well as by the part attrib- 
uted to it, by some mvestigators, m the production of certam 
pathological conditions, more particularly m eclampsia We have 
not hoped to solve either of these mooted questions, but we have 
felt that analysis of the organ by the newer methods of protem 
hydrolysis would be valuable m contnbutmg to our knowledge 
of its fundamental composition, and perhaps m affordmg a logical 
basis for subsequent study of its physiology and pathology 
The placenta possesses an umque function and unusual impor- 
tance, upon it depends the successful issue of every human preg- 
nancy Interpolated between the mother and the foetus, it is 
so constructed as to permit free passage of the blood of each with- 
out any possibihty of the two comminghng Such an arrangement 
IS not needed in species m which the egg, supphed with ample 
material for nourishment, leaves the mother before embryomc 
development begins, and only becomes necessary when the growth 
of the offspring occurs withm the mother Through the mediation 
of this organ, food reaches the foetus, and the waste products of 
Its metabolism are returned to the mother 
A review of the architecture of the placenta will make this 
mechanism clearer The placenta is a flat, more or less round 
structure, some 20 cm m diameter and 2 to 3 cm thick Its weight 
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averages approximately 500 grams, but varies with the size of the 
child, to which under normal conditions it bears a ratio of 1 6 
Its two sui faces are designated as maternal and foetal, and are 
easily distinguishable, in that the umbilical cord is attached to 
the lattei Two gieyish white, closely adherent membranes ex- 
tend from the periphery of the placenta, and, unless artificially 
sepal ated, give the impiession of a single structure The inner 
one, the ammon, encloses the ammotic fluid which surrounds the 
foetus during pregnancy, while the outer one, the chorion, is 
applied to the wall of the uterus However, except for that por- 
tion of the latter which is specialized to form the placenta, these 
membranes have no interest in the present comiection 
Microscopic study has demonstrated that very little maternal 
tissue IS cast off with the placenta, namely a layer 1 to 2 mm in 
thickness coiermg the mateinal surface The bulk of the organ 
IS composed of delicate fingei-hke processes, the chorionic villi, 
which dip dovn into lakes of the mother’s blood The villi them- 
selves are derived from foetal tissue, and enclose small blood vessels 
which only communicate with the laige arteiies and vein of the 
umbilical cord, and therefore, contam foetal blood Between the 
two circulations, maternal and foetal, there is always interposed 
the solid wall of the villus, consistmg of two strata, one epithelium, 
the other connective tissue The outer of these, the epithelial, 
IS continually bathed in the mother’s blood The connective 
tissue layer lies beneath the epithelial, which it supports, and in 
addition supplies a scaffolding that preserves the proper lelations 
of the blood vessels, and maintains the form of the xullus 

No channels run through the wall of the villus which might 
permit a direct means of coinmuiuCation between the blood of the 
mother and that of the foetus All substances in transit from one 
circulation to the other must pass through both the epithelium ind 
the connective tissue which compose the walls of the vilh Con- 
sequently, the part the vilh play m the process has long been a 
proimnent question, and one not yet answered satisfactoiily 
Two possibilities have been suggested, one that the wall is inactive, 
allowing passage in accoid wth the principles of osmosis and diffu- 
sion, the other that it is active, causing chemical changes in at 
least some of the mateiial which passes through it Definite 
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proof has been adduced by Zuntz* and his pupils that gaseous 
bodies and an aqueous solution of sodium chlonde pass from one 
circulation to the other m accord with the laws of physical chem- 
istry That a different process is concerned m the transmission 
of other substances would seem likely, and accordmgly a number 
of investigators have brought forward experimental data which 
they beheve mdicate a digestive function in the placenta A 
similar conclusion was reached by Wiiham Harvey- m 1651 upon 
purely theoretical ground 

Previous Investigations The simplest analyses of the placenta 
have been concerned with the relative amount of water and of 
dried substance entermg mto its composition The techmque of 
these determinations has varied smce some of the mvestigators 
have included the foetal blood m their matenal, and others have 
not In either event, preparation of the matenal began with 
strippmg off the umbdical cord, the ammon, and the membranous 
portion of the chonon as far as the periphery of the placenta 
Following this, where it was not desired to remove the foetal blood, 
as in the analyses of Gaube^ and others, the organ was cut m pieces 
and dried to a constant weight Sfamem* and Grandis’ expressed 
as much blood as possible from the organ by squeezmg it between 
the hands Higuchi,'’ very recently pubhshed two series of anal- 
yses, in one of which the matenal was unwashed, while m the other 
the foetal blood was removed by the perfusion of normal salt 
solution through the blood vessels The flmd was mjected by way 
of the umbihcal vein, and escaped from the two umbihcal artenes, 
about 12 hters of the solution were used for each placenta, but 
even after this, the washmgs were not perfectly clear 
The results, tabulated below, mdicate that approximately 83 
to 85 per cent of the unwashed placenta consists of water An 
unusually large deposition of calcium salts mcreases the relative 


‘Zuntz Ergeb d PAi/moZ , -vu. p 403,1903 
’ Ilirv cj Excrciialiones de gencralione anitnahum, Loudon, 1651 

* Gaube Essai de statique minerale du placenta et du foetua bumsin 
Thiso de Pans, 1900 

‘ Sfamcni Irch x(al de biol , vxxiv, p 216, 1900 

* Grandu Ibid , xxxm, p 429, 1900 

‘ Higuclu Biochcm Zeilschr , xa, p 95, xvii, p 21, 1909 
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oTes^foi^VS^S ^ placentae, Taltavall and 


^nd Ask in the Human Placenta 

authob 


Gaube 

Gaube 

Taltavall and 
Gies 
Higuchi 
Sfameni 
Grandis 
Higuchi 
Grandis 


It IS evident that chemical knowledge of the placental tissue 
1 se cannot be secured unless the blood is removed and, on this 
account, the results obtamed by Higuchi and by Grandis where 
the organ had been perfused with salt solution, offer the best idea 
0 1 s composition When the material for analysis has been so 
prepared, the relative amount of solids is perceptibly decreased 
and indicates that almost nine-tenths of the organ is water Higu- 
chi considers that his techmque accounts m some measure for the 
unusually high water content, since some soluble material was 
carried out in the stream of salt solution passed through the organ 
about thirty times On the other hand, it is possible that the tissue 
absorbed water Although these conditions may have had some 
mfluence, it can be shown they are not entirely responsible for 
the high water-content of the organ 
Sfamem found that a given weight of foetal blood contains 
more sohds than an equal weight of placenta iiVom this it follows 
that the retention of blood in the organ would mcrease the amount 


tvateb 


82 84| 
84 sol 

83 69 
83 89 
88 65 
88 SO 


SOLTDS 

A9H 

1 BEUA.RK3 

14 16 

fper cen 

Unwashed placenta hlale children 

13 88 


Unwashed placenta Female chil- 



dren 

17 16 

1 15 

Unwashed placenta 

15 09 

0 88 

Unwashed placenta 

16 32 

0 87 

Blood squeezed out 

16 09 

1 07 

Blood squeezed out 

H 35 

0 71 

Placenta perfused with salt solution 

11 20 

0 795 

Placenta perfused with salt solution 


1 Taltavall and Gies N Y Med Journ , L\x\-vi, p 727, 1907 
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of solids there, and diminish relatively the amount of water By 
way of contrast, Sfamem states that the percentage of water m 
the placenta, foetal blood and adult blood is respectively 83 68, 
78 5, and 77 3 per cent 

Ash Several attempts have been made to find a characteris- 
tic difference m the composition of the placenta according as the 
child was a male or female The results are unconvmcmg Gaube^ 
states that whereas the min erals m the bodies of boys are m excess 
in those of girls, the opposite condition prevails m the placentae 
In his analyses the placentae of males yielded an average of 2 164 
grams, and those of females 2 255 grams of morgamc matter 
Such figures are not sufficiently different to warrant the conclusion 
Gaube drew, moreover, from his own tables it appears there are 
many exceptions to the rule The quantity of morgamc matenal 
which Gaube found m the placenta is about one-half that recorded 
by other investigators 

The results given m the foregomg table mdicate that the ash 
IS approximately one per cent of the total weight of the fresh pla- 
centa The greater portion of this is soluble m water, accordmg 
to Sfamem, who found the relation of the soluble to the insoluble 
ash as 6 to 1 Higuchi recently finds this relation, 4 to 3 
Obviously, the dned material obtamed by driving off all the 
water would be relatively richer m rmnerals than the fresh placenta 
Taltavall and Gies obtamed 6 89 per cent of morgamc matter m 
dried normal placentae and 8 46 per cent m dried calcareous pla- 
centae 

The quahtative study of the placental ash has not been under- 
taken with sufficient thoroughness to yield rehable data Gaube’s 
analyses, which were the first reported, aimed at greater complete- 
ness than has since been attempted, but his methods were not 
refined, and his conclusions have never been corroborated 
Grandis^ emphasizes the large amount of phosphates m the pla- 
centa, which he estimates as 33 46 per cent of the morgamc matter 
present, the phosphoric acid is m combination with calcium, 
magnesium and iron His analyses of the ash also yield 11 4 per 
cent of chlorme, 24 9 per cent of sodium, and 6 57 per cent of 

' Gaube loc cit 
’ Grandis loc cit 
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potassium An e\cess of sodium over potassium is unusual lu 
human tissue, the only analogy, according to Grandis, occurs in 
the blood serum 

Very recently, Higuchd has estimated the total phosphorous 
and total sulphur in the placenta These analyses indicate that 
the fresh, unwashed placenta contams 0 14 per cent of phosphorus 
and 0 12 per cent of sulphur, whereas, the corresponding figures 
with the foetal blood removed are 0 08 per cent and 0 06 per cent 
The Organic Constituents of the placenta have received more 
attention than its mineral matter but, notwithstanding, we have 
not, as yet, a clear idea of its organic composition Work in this 
direction has been stimulated by mterest in the toxaemias of 
pregnancy, for which a placental origin has been suggested Those 
who favor this hjrpothesis believe that the toxins are of an organic 
nature 

Carhohydi ates The first orgamc compound to be demonstrated 
in the placenta was glycogen, Claude Bernard- identified it there in 
1859, and subsequent investigators have confirmed his observa- 
tion With appropriate techmque, it is now possible to localize 
the deposits of glycogen Thus, applying microchemical methods, 
Driessen^ has shown that in the mature human placenta glycogen 
IS practically confined to the decidua It is stored most abun- 
dantly in the neighborhood of the maternal blood vessels, and m 
the zone where the foetal and maternal elements commingle, that 
IS, towaid the surface of the decidua very small amounts may be 
demonstrated at the periphery of the villi Driessen has also 
noted that the amount of glycogen m the human placenta decreases 
as pregnancy advances Analogous changes have been observed 
m the rabbit placenta by Loclchead and Cramer 

Accurate, quantitative estimations of the glycogen cannot be 
secured by microchemical methods, to determine this, the glyco- 
gen must be extracted That procedure was undertaken by 
Moscati,'^ who found that the placenta at full term contains from 
2 5 to 3 grams of glycogen or from 0 49 to 0 58 per cent of its gross 

1 Higuchi loc cil 

2 Bernard Comp! rend de I’ Acad d Sci , \lvni, p 77, ISaO 
2 Driessen Ccnlralbl f Gynaelol , \\\ii, p 110, 190S 

< Lockhead and Cramer Proc of Royal Soc , London. Iwn 
‘ Moscati Zeitschr f -physiol Chein , Ini p ISO 1907 
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■weight Correct "values are only obtained ivhen the placenta is 
subjected to analysis immediately after its expulsion from the 
uterus smee the glycogen-content rapidly diminishes from this 
moment About one-half disappears within twenty mmutes, 
and at the end of twenty-four hours no trace of it remains Pos- 
ably, that explams the low figure obtained by Higuchi who found 
the glycogen in the placenta equivalent to 0 032 per cent of the 
weight of the organ 

The disappearance of glycogen from the placenta may be due 
to one of two causes, namely contammation of the organ with 
bacteria, or the presence of an enzyme normally located there 
The latter 'View is favored by Moscati, Opocher* and by Bergell 
and Liepman- Moscati has found a ferment m the placenta 
which hi droli zes glycogen and which bears a stronger resemblance 
to the enzyme Jpund m muscle than to that m the hver Opocher 
beheves that the action of the ferment is reversible smee he ob- 
served an mcrease m the amount of glycogen when the placenta 
■was allowed to soak in a solution of grape sugar On the other 
hand, Merletti^ has passed a solution of glucose through the ves- 
sels of the placenta and noted that the returmng flmd was poorer 
in sugar than the original solution He regards a simple diffusion 
as impossible here since sodium phosphate perfused under similar 
conditions is returned quantitatively Santi and Acconed 
repeated the experiments of Merletti but were unable to venfy his 
results 

Fals Upon histological e"vidence the presence of fat m the 
placenta has long been admitted and Hofbauer^ has recently 
studied its distribution very carefully by means of alcanna, osmic 
acid and soudan III Hofbauer states that he was able to follow 
the stained globules passmg through the walls of the vilh toward 
the foetal circulation The quantitative anaijses of Higuchi, 
the only ones thus far published, indicate 0 846 per cent of fat m 
the un-sv ashed and 0 535 per cent of fat m the washed placenta 


* Opochcr Annali di osletr e jjincc , u, p 737 
’ Borficll and Liepraann ^fUnch nted p 2211 1905 

’Merletti Ai£i soc tz ost egincc.ix p 122,1003 
‘ Sinti and Vcconci Ginecologia p 311, 190i 

‘IlotbaucrJ Grundzugccincr Bwlogied memch Placenta, Vienna and 
Lcipaig 1005 
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Higuciu also found 0 899 and 0 504 per cent of lecithin m the 
unwashed and washed tissue respectively 
Nitrogenous Compounds Higuchi deternnned the total nitro- 
gen (Kjeldahl) in the placenta as 2 226 per cent of the gross weight 
of the organ with foetal blood included He found 1 331 per cent 
of nitrogen when the blood had been washed out He tacitly 
assumes that all the mtrogen is present m the form of protein, for 
he multiphes the nitrogen content by 6 25 and states that the albu- 
men of the unwashed and the washed placenta is 14 16 per cent 
and 8 32 per cent, respectively Clearly, the calculation is inexact 
since a number of other mtrogenous bodies are present 
Nucleoprotein is the only albuminous body the isolation of which 
has been attempted from the placenta Cocchi^ assumed that 
the lesions m eclampsia are associated with coagulation of the 
mother’s blood, and that this was due to the entrance of placental 
nucleoprotein into her circulation Accordingly, m 1901, he 
sought to isolate this compound from eclamptic placentae, employ- 
ing both the method of Wooldiidge and that of Halliburton for 
this purpose He considered that the substances obtained by these 
methods were identical, though the first gave a larger yield and 
was, therefore, permanently adopted A small dose of the material 
thus obtained was fatal to labbits, whereas, normal placentae 
treated in the same fashion furnished a material of very uncer- 
tain action and proved harmless in three of four experiments 
Although the eclamptic material gave some of the color reactions 
for protein the evidence adduced is insufficient to establish its 
identity Thus its composition was studied only with regard to 
phosphorus, two analyses yielded 1 839 per cent and 0 734 per cent 
respectively, facts which speak against the compound being a 
homogeneous one Similarly Bottazzi- sought a nucleoprotein 
in the placenta, but confined his study to the normal organ Here 
again it is unceitain whether the investigator was dealing wth a 
compound or a mixture 

The most recent attempt to isolate nucleoprotein from the pla 
centa was made by Kikoji,® who employed the method of Neuman 

' Cocchi Lo speriincntale, Arch d biol normalc e patoloijica, Fircnzt 

^^2 Bottazzi Boll della R acad med di Genova, win, p 245, 1903 
> Kikoji Ibid , liii, P -lib 
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KiLoji obtained a substance which, corresponded in its properties 
with the nucleoprotein of the thymus gland, and on decomposition 
yielded hunun substances, levulmic acid, cytosm, thymxn, guanin, 
\anthin, and hypoxanthm Its elementary composition, however, 
was not constant 

Kikojd m collaboration with Higuchi first isolated from the 
placenta the same purm bases that he later found m the nucleo- 
protem Eielander^ has also isolated uracil from the placenta and 
considers it a decomposition product of the nucleoprotem 
In 1901, Alathes’ demonstrated albumoses m mne out of ten 
normal placentae by means of Devoto’s method His finding 
has been confirmed by Hofbauer* and by Basso Hofbauer 
believes that the albumoses result from the action of a proteolytic 
ferment which functions durmg hfe and is concerned with the pas- 
sage of protein from mother to chdd Havmg failed to find ammo- 
acids m the fresh placenta, he behoves digestion goes no further 
than the albumose stage 

The view that the sphttmg of protem is a normal function of the 
placenta has been endorsed by Ascoh® on very different grounds 
This mvestigator employed the precipitm reaction, and found, 
after mjectmg egg albumen mto a pregnant rabbit that the activ- 
ity of the maternal and the foetal blood m causmg precipitation 
of a specific serum is not identical He concluded, therefore, that 
the albumen mjected into the mother was modified as it passed 
to the child Savar^’' agrees that a proteolytic ferment exists m 
the placenta, though its presence does not prove that the organ 
IS other than a permeable membrane for the enzyme may only 
have to do with the life processes of the placental cells 
FoUowmg Salkowski’s* demonstration that various organs or 
the body will digest themselves when kept at 40° C m sterile 

‘ Kikojt and Higuchi Zetischr f physiol Ckem , lu, p 401, 1907 
» Ilielander Centralbl f Gynael ol , sxn, p 10S2, 1907 
’Mathes Ibid.xxv.p 1353,1901 
‘hoc ctl 

‘ Basao Arch f Gynaehol , Ixxvi, p 162, 1905 

* Ascob Zcitschr f physwl Chem , xxx\i p 495, 1902 

»Sa\ar6 Hofmeister’s Beiirdye, ix. p lU, 1907 , Ginecoloyia, Fuenze 
\\ p S-i 1907 ^ 

• Salkowaki Zcitschr f Uin iled , Festschrift f Leyden, xvu, Supp! 

p 77 1S90 ’ ’ 
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vessels, it was shown by Mathes that the placenta contains an auto 
lytic enzyme Subsequently a number of investigations have 
been made to determine the nature of the enzyme as well as of the 
end products resulting from its action Thus, Ascoh,* Bergell 
m collaboration with Liepman^ and Falk* have noted that the 
enzyme is "heterolytic” as well as "autolytic” It will split 
protein and peptones, though its action on gelatin and fibrin is 
very weak Its analogy to trypsin is strong accordmg to some 
mvestigators, while others consider that the enzyme is erepsin. 

Dreyfus^ has compared the ''mtrogen distribution” m the fresh 
placenta and m the placenta after a week of autolysis In the 
filtrate from the fresh material he finds that 4 8 per cent of total 
mtrogen is present as ammoma, 68 2 per cent as diamino com- 
pounds, and 46 2 per cent as monammo compounds, whereas, in 
the autolysed organ a corresponding analysis yields 9 2 per cent 
ammoma, 40 per cent diammo compounds and 61 3 per cent mon- 
ammo compounds Dreyfus infers there is a "desarmdating fer 
ment” in the placenta 

Leucine and tyrosine have been recogmzed as end products of 
placental autolysis Mathes* discovered them m a placenta 
allowed to undergo autodigestion for a period of five and a half 
months In repeating this experiment, Basso" recognized these 
monoammo acids through the appearance ot the crystals, and sub- 
stantiated the presence of tyrosine by obtainmg a positive Millon 
reaction This investigator noted more leucine than tyrosine, 
though he does not mention havmg separated the two substances 
and gives no analyses to establish their identity 

Thus far, no araino-acid has been isolated from the placenta 
Rielander sought two of the hexone bases, lysine and histidme 
but was unable to detect them The sigmficance of the amino- 
acids has been made clearer by the demonstration that they are 
the fundamental compounds m the protein molecule Moreover, 
improved methods of hydrolysis have placed in our hands the 

^ Ascoli loc cil 

= Bergell and Liepman loc cil 

’ Bergell and Falk Munch vied Woch , Iv, p 2217, 1903 

* Dreyfus Biochem Zeilscher , vn, p 493, 1908 

^ Mathes loc cil 

* Basso loc cit 
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means of determining what ammivacids are present m a given 
material as well as of estimating their quantitative relation Ap- 
preciable differences have already been demonstrated in the ammo- 
acid constitution of various proteins, and it is not improbable 
that they are mtimately associated with differences in physiologi- 
cal activity 

EXPERIMENTAL DATA 

Our material has been obtamed from the Obstetrical Department 
of the Johns Hopkins Hospital All the placentae were normal and 
at full term They were received at the laboratory within an 
hour after their dehvery from the uterus, and were kept on ice 
until the followmg mornmg, when they were weighed, examined, 
and prepared for subsequent analysis 
The umbihcal cord and the membranes were first removed The 
membranous portion of the chonon, which forms the foetal sur- 
face of the placenta, and mcludes the large blood vessels, was care- 
fully dissected off Thus, there was left that portion of the cho- 
non which contains the vilh, together with a thm layer of decidua 
which covers the maternal surface of the placenta Clearly this 
13 the only part of the organ which has to do with the immediate 
transmission of substances to and from the foetus Our mterest 
has been to learn what ammo-acids enter mto the composition of 
the tissues concerned m the mterchange We have =ought, there- 
fore, to ehmmate practically everythmg but the chonomc vilh 

The blood was -emoved as completely as possible Clots of 
maternal blood were easily wiped away After some of the foetal 
blood was squeezed out by moderate pressure between the hands, 
the organ was cut mto small pieces These were nnsed m water, 
then thrown mto a towel and wrung out The process was twice 
repeated 

The weight of the material was agam taken at this stage of the 
preparation and was found to represent 56 per cent of the ongmal 
weight of the placenta Smee it is impossible to wrmg out the 
material with the same degree of thoroughness each time, there 
were variations m the different installments The extremes met 
with were 37 5 per cent and 62 7 per cent While not insLstmg 
on an absolute figure, it is of mterest to note that approximately 
one-half of the v, eight of the placenta is accounted for by the loetal 
blood It contains 
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The washed placental substance was next dried in an oven at 
100° to 105° C and after cooling to room temperature, was weighed 
The various installments were mixed and finely powdered This 
product furmshed the material used for our analyses 
There were collected a total of 83 placentae, the sum of their 
original weights was 47220 grams From these we secured 3320 
grams of dry material which represents 7 03 per cent of the weight 
of the fresh organs This ratio remained true, mthin compara- 
tively narrow limits for all the installments 


Tabulation of Material Collected 



NUMBEn OP 
PLACENTAE 

out GIN AL 
WEIGHT 

YIELD OP DBY 
SUBSTANCE 

PERCENTAGE OF 
DRY SUBSTANCE 

I 

4 

prams 

2350 

grams 

161 

6 S 

II 

2 

930 

55 

5 9 

III 

4 

3460 

193 

5 6 

IV 

6 

3150 

190 

6 0 

V 

2 

1100 

85 

7 7 

VI 

4 

2080 

173 

8 3 

VII 

4 

2280 

197 

8 6 

VIII 

8 

4940 

320 

6 4 

IX 

4 

2560 

198 

7 7 

X 

45 

24270 

1748 

7 2 

Total 

S3 

47220 

3320 

7 03 


Before proceeding -with the analyses, we extracted the material 
with ether m ordei to lemove fat and other ether-soluble matter 
The material was then spread upon large sheets of filter paper and 
subsequently dried at 105° C 


Determination of Moisture 1 5084 gram substance lost 0 0183 gram 
when dried to constant weight at 110° C Therefore, 1 21 per cent of the 
material used in subsequent hydrolyses was moisture 

DETERiiiNATioN OF AsH 1 5084 gram substance yielded 0 0902 gram 
ash Ash =6 58 per cent 

Determination op Nitrogen 0 5840 gram substance gave NHj = 57 4 
cc ^ HjSOj, N = 13 76 per cent 0 4842 gram substance gave NHj = 17 G 
^ 2 sOi', N = 13 77 per cent Calculated on ash- and moisturc-free 

substance, N = 14 9 per cent 
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Hydrochloric Acid Hydrolysis 


We have followed the method described by Emil Fischer ^ 


Five hundred grams of the powdered, ether-e-rtracted material were 
hydrolyzed with boiling hydrochloric acid for twelve hours This material 
13 equivalent to 461 grams of the substance, free of ash and moisture 
The unhydxolyzed residue weighed 42 grams Therefore, the weight of 
the hydrolyzed material was 419 grams 
After removal of the unhydrolyzed matenal, the filtrate was evaporated 
in lacuo It was then estenfied with three hters of absolute alcohol and 
saturated with gaseous hydrochloric acid. This hquid was moculated with 
a few crystals of glycocoll-ester-hydrochlonde and placed in an ice box for 
forty-eight hours Subsequent exammation failed to reveal any crystal- 
lization Accordingly, the solution was agam evaporated in vacuo, re-ester- 
ified, and allowed to stand another forty-eight hours This second attempt 
to isolate glycocoll-ester-hydrochlonde was also unsuccessful 
The solution which contamed the ester-hydrochlondes was next evapo- 
rated in vacuo at 40° C It was treated in the usual way to set the esters 
free and the eaters were eidracted with a large quantity of ether Having 
stood over lught in contact with sodium sulphate, the ethereal extract was 
evaporated to an appropriate volume and then subjected to fractional 
distillation The foUowmg fractions were obtamed 


PBcssnsc 


-VPnOHT O? £5TEBS 

mm 


ffraint 


Up to 100° C 

lOS 3 


Up to 100° C 

38 0 


100° to 190° C 

86 2 


I 

II 

III 


Residue 


33 4 


Proceedmg with the treatment of these tractions according to 
Fischer we have isolated the following ammo-acids 
GlycocoU Although unable to isolate this body after primary 
esterification ol the hydrolysed material we hav" found it in the 
first fraction of the distillation-oroducts from which it was isolated 
as the ester-hydrochlonde 

Amount foimd was 5 75 grams, equivalent to 3 1 grams of free 
glj cocoll 

AmlcUuny c Darslellung organ Preparaie, Braun- 
8chv,eig,190o,Hoppc-Seiler Handhuchd physiol u pathol chem inalyse, 
Sth ed , Bcrlm, 1909 ’ 
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Analysis (Volhard) 0 2575 gram substance required IS 25 cc 

TC AgNO, 

Cl 

Calculated for 
CiHoOiN HCl 

Pound 

25 41 

25 13 

d-V aline 

Amount found was 30 60 grams 


Analysis 
gram H.O 

0 2062 gram substance yielded 0 3872 gram COj 

and 0 1763 


Calculated foi 


C 

CjHiiOjN 

Found 

51 24 

51 21 

H 

9 47 

9 56 


Specific rotation ([«] d°) in 20 pei cent hydrochloric acid (10 per cent solu- 
tion) = -t-25 6° (=t0 4°) Theoretical value = -i-2S 8° 

l-Lmcine Amount found was 20 36 grams 

Anahji^is 0 1865 gram substance yielded 0 3746 gnni COj and 0 1695 gnm 

HaO 

ColouKted for 
CsHmO.N Pound 

C 54 92 54 7S 

H 9 99 10 16 

Specific rotation ([a] p® )in 20 per cent hydrochloric acid (10 per cent solu- 
tion) = 4-14 8" (=*=0 4") Theoretical value = +15 9° 

Prohne Both racemic and active prolm were isolated Race- 
mic copper prohoe amount found was 1 63 grams Equivalent 
in free proline is 0 81 grams 

Water of crystallization of copper salt was determined 

A7ialysis 0 5902 gram dried at 108° to a constant weight lost 0 0145 
gram H 2 O 



Calculated for 
CioHisO.N Cu+2IIiO 

Found 

H^O 

1 

10 99 

10 93 

l-Prohne 

amount isolated was 10 64 grams 


Analysts 

0 1896 gram substance yielded 0 3475 gram COi 

ind 0 1310 

gram H-O 

Cniculatcd for 

Found 


CjHkOjN 

c 

52 11 

50 0 

H 

7 SS 

7 70 

The analysis indicates that the I-prolme was impure 

Several 


attempts to purify it were futile Hence the amount of pure 
1-proIme was determined according to the optical rotation of the 
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vanous iractions which had been obtained Thus corrected, the 
mount o£ \-pio'me iound was 7 17 g,rams 
The optical rotation ot the analysed substance was detenmned 
in a 10 per cent aqueous solution ([«])d = —57 1° (—0 2°) 
The theoretical value for pure I-prolin = —81 0 ° 

Phenylalamnf Amount isolated as the hydrochlende nas 
12 26 grains Equivalent in tree phenylalanme is 10 08 grams 
inalysta (Volhard) 0 3079 gram of the hydrochloride required 15 05 cc 

Calculated for ^ 

C»HuO,N HCl Found 

Cl 17 59 17 33 


Smce the material was inactive to polarized light, it must have 
consisted of the racemic acid 

Asparhc Acid Amount of the racemic acid found was 9 -14 
grams 


Analysis 
gram HjO 

C 

H 


0 2066 gram substance yielded 0 2741 gram COj and 0 0985 


Calculnud 'or 
C.HjO,N 
36 07 
5 30 


Found 
36 IS 
5 33 


Some impurity prevented the isolation of the active acid. 
d-Glutaminic Acid Amount isolated as the hydrochlonde was 
15 91 grams Eqmvalent m free glutamimc acid is 12 68 grams 

Analysis (Volhard) 0 187-1 gram substance required 10 30 cc ■riy-^g^'Ol 

Calculated for 

CiHfcO^NHCl Found 

Cl 19 21 19 -IS 


The specific rotation was determined m dilute hjdrochloric acid ((arD°) 
= + 27 5“ (=fc 0 2°) Theoretical value = + 30 5° 


Alanine It was impossible to isolate alanine if present, it 
occurs in extremely small quantity 

l-Trjrosine We have made a separate hidrolysis with "juI- 
phunc acid to determine the amount of tyrosme m the placenta * 

Two hundred and fifty grams of the powdered ether extracted material 
Was taken This is equivalent to 230 5 grams ash and moisture-free sub- 
stance ^'On-hJdroi>zed material neighed 26 3 grams Amount of tyro- 
sine found was 3 86 grams 


‘Cmil Tiacher foe cit , p SS 
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Amino-Acids in the Placenta 


Analysts 
gram HjO 

C 

H 


0 2092 gram substance yielded 0 4567 gram COj and 0 1186 


Calculated for 
CgHllOsN 

59 64 
6 12 


Fouud 
59 54 
6 34 


The specific rotation was determined in 4 per cent hydrochloric acid 
(5 per cent solution) ([a] n") = -11 0 2“) Theoreticalvalue=-13 2‘‘ 

Deterrmnahon of Hexone Bases 

The method used was that of Kossel and Kutscher ^ Pifty grams of the 
powdered ether-extracted material, equivalent to 46 1 grams ash-and mois- 
ture-free substance, were taken 

JLysine Amount isolated as the picrate was 4 10 grams, equiv- 
alent to 1 6 grams of free lysme 

Analysis 0 2049 gram substance yielded 0 2888 gram COj and 0 0SS2 
gram HjO 


C 

H 


Calculated for 

CuHitNjOj Found 

38 4 3S 44 

4 53 4 SI 


Arginine Amount isolated as the mononitrate was 3 25 grams 
This was recrystalhzed from 85 per cent alcohol, but a combustion 
revealed that the material was still impure Consequently, it 
was converted into the methylester hydrochloride - 

1 62 grams mononitrate yielded 1 49 grams methyl-ester hydrochloride 
Total equivalent in free arginine is 2 00 grams Melting point of the 
ester hydrochloride isolated was 193° (uncorr ) 

Analysis (Volhard) 

Calculated for 
C HioN.Oj 2HC1 

27 16 


0 2027 gram required 15 35 cc AgNOi 


Cl 


Found 

26 85 


Histidine Amount of crude substance isolated as the dichloride 
was 1 66 grams This material was recrystallized from hydro- 
chloric acid, even then the analysis did not yield the theoretical 
values By persistent recrystalhzation 0 166 grams of crystalline 
histidine dichloride was isolated from the crude material Its 
melting point was 223- 225° (uncorr ) 

Eqmvalent of free histidine is 0 11 gram 


^Hoppe-Seyler's Handbuch d chem Analyse, p 516, 1909 
^Berichte, xxxviii, p 4173, 1905 
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Analysis (\^olhard) 0 1450 gram substance required 12 55 cc AgNOj 

Calculated for 

CjHjNjOiJJRCl Found 

Cl 31 1 30 7 

T) yplophane The presence o' tryptophane was demonstrated 
as follows one gram 01 the crude placental powder was allowed to 
digest with 10 cc of a 2 per cent solution of trypsm The filtered 
solution gave an mtense violet color with bromine water Control 
tests with the placental powder and the trypsm solution itself 
were made simultaneomly 

Ammonia The hydroiyzed substance contamed 1 28 per cent 
ammonia (Hart’s method) ^ 

The plaeental material usea for the hydrolyses contamed 92 2 
per cent of ergamt matter and approximately one-third of this 
13 accounted for by the products we have isolated In view of 
the fact that Fischer’s method of hydrolysis fails to give a theo- 
retical yie'd even when isohiion of known mixtures of ammo- 
acids la attempted, one could not expect to recover the ammo- 
acids quantitatu ely from the placenta To determme the accu- 
racy ot the ester method Osborne and Jones= who have made such 
mixtures, have shown that the yield vares between 41 per cent 
and 82 per cent Ol the theoretical quantity Moreover, they 
have worked under conditions which practically assure complete 
estei ification 

We have not attempted the isolation of cystme, serme, oxy- 
prolme and tryptophane, though the presence of the last was dem- 
onstrated after tryptic digestion by the bronnne reaction We 
have made a careful '-earch tor alanme but were unable to isolate 
It While not inclined to insist absolutely upon its absence, we 
are confident that, if present at all, extremely small amounts occur 
in the p'acenta 

An excess of vahne over leucine can hardly be attnbuted to a 
peculiarity in the composition of the placenta Levene and Van 
Slykef* have found that the quantity of vahne m several proteins 
IS greater than was formerly thought 

> Hart Zcitschr f physiol Chem , xxxiu p 347, 1901 
’Osborne \n<i Jones liner Journ of Physiol xx\i p 305 1910 
’ kevene and Van Sl>ke Ihu Journal^ vj p 410, 1900 
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Ammo-Acids m the Placenta 


Contrary to the opinion of Kielander^ lysine and histidine does 
occur in the placenta, though only a very small quantity of the 
latter was isolated Arqimne is the most abundant of the hexone 
bases 

Our hydrolytic products account for about two-fifths of the 
total nitiogen of the placenta ranked accoidmg to the nitrogen 
they account for the monammo-aeids take the following order 
valine, leucine, glutamimc acid, prohne, aspartic atid, phenyl 
alanine, tyrosine and glycocoll 

SUMMARY 

I Approximately one-half of the fresh placenta is blood 

II The dried placental material is about 7 per cent of the gross 
weight of the organ 

III The hydrolytic products represent at least 31 per cent of 
the orgamc matter 

IV Placental tissue, free of ash and moisture contains 14 9 
per cent of mtrogen 

V The mtrogen in the isolated products represents 5 6 per 
cent of the weight of the material used for hydrolysis 

VT The relative amounts of the amino-acids in the placenta 
are as follows 


i Rielander 


loc cil 
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jUtOUJfT IK 401 
PUICCK- 

Titli 

FBEC or Asa 

AKD UOlSXTmE 

peeccktaos or 

Pta-CENTAL ilA- 
TEHIAX. 

KITSOGEK 43 PEB 
CeSt or PtACEJ*- 
TAE mTEBIAl* 

GlycocoU 

gram* 

1 3 10 

! 

0 63 

0 118 

Aianme 

? 

? 

? 

Vahne 

[ 30 60 

6 64 

0 794 

Leucine | 

20 36 

4 42 

0 473 

Probne 1 

7 98 

1 73 ' 

0 228 

Phenylalanine 

10 08 

2 19 

0 186 

Glutaminic acid 

12 68 

2 75 ^ 

0 263 

Aspartic acid 

9 44 

2 05 

0 216 

Tyrosine 

7 72 

1 68 

0 130 

Lysine 

16 00 

3 46 

0 664 

Arginine 

20 00 

4 33 

1 394 

Histidine 

1 10 

0 24 

0 064 

Tryptophane 

Ammonia 


present 

1 28 

1 054 



31 40 

5 583 


Nitrogen m non-hydiolyzable substance 


0 146 


5 729 
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(Received for publication, June 9, 1911 ) 

In this study we deal with the cultural properties, the products 
of growth, the pathogenicitj , and the toxicity, of two strains of 
Proteus vulgaris, Hauser This is an exceedingly interesting organ- 
ism on account of its wide distribution, the ease with which it is 
modihed, and because it seems to stand between the true sapro- 
phytic and the purely pathogenic bactena It has been found 
under a great variety of abnormal conditions m the human bodj , 
but most frequently m the digestue tract, where it produces the 
greatest harm Here it has been present m large numbers, in a 
vanety of food poisonmgs (1, 2) - in the summer diarrhoeas oi 
children (3, 4), the diarrhoeas of calves (5), in severe cases of 
typhoid fe\er (6), and m other more obscure abnormal mtestmal 
conditions 

Its association with other pathogemc organisms is of great 
importance and probably has not recei\ ed the attention it deseri es 
Theobald Smith (7) found that when the hog cholera bacillus and 
Proteus M ere grown together, m what he called a mixed pure cul- 
ture, the virulence of the former was lowered, while that of the 
latter w as apparently raised Kuhnau (8) found virulent strains of 
Proteus m se\ere cases of diphthena Levy and Thomas (9) 
find that the virulence of the cholera spirillum was raised bj mject- 
ing cultures of Proteus precipitated b> alcohol Its presence 
in severe cases of tj^ihoid has already been mentioned (6) and 
in the same article Vmcent notes that mixed cultures of Proteus 
and the tiqihoid bacillus are \ ery virulent for rabbits 

' b> a grant from the Rockeft-llcr liialitute for Medical Research 

- 1 igurca in parcnthoais refer to bibliographv at the end of this paper 
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Proteus Vulgaris 


DESCBIPTION OP CULTUKES 

Both the cultures used m this study were obtamed from Dr 
Theobald Smith Culture A had been in his possession for some 
time, while Culture B was isolated from some putrid material in 
January, 1910 Culturally these two strains do not agree m all 
points, but they will be described together and their differences 
noted 

Morphology Both orgamsms are short rods which vary consid- 
erably in length They are motile, do not produce spores, and are 
negative to Gram’s stain In Culture A the orgamsms occur m 
long chains while m Culture B they are isolated 

Cultural characienstics On an agar slant there is a moderate, 
spreading, ghstemnggroivth covering the entire surface of the media 
The condensation water is turbid In bomllon there is an abun- 
dant growth with a small amount of flocculent white sediment 
Culture A shows a tendency to form a surface membrane 
When it was received, Culture A hquefied gelatin slowly and when 
plated it was foimd that the majority of the colomes were non- 
hquefiers The liquefying colonies were of the swarming type so 
well described by Hauser (10) and Smith (11) Subcultures were 
made from the latter and from time to tune the culture was plated 
and subcultures always made from the liquefymg colomes In 
May, 1910, it was found that the culture did not digest casein, but 
its action on gelatm was not tested until the f olio wmg July when it 
was found that there was no sign of liquefaction in a stab culture 
in three weeks' time In August another culture of this strain was 
received from Dr Smith and it was found that the liquefying prop- 
erties were the same as when the culture was first studied by us 
Culture B liquefied gelatm rapidly throughout the period in 
which it was studied, although it was treated m exactly the same 
way as Culture A In July, 1910, a stab culture was hquefied to a 
depth of 5 cm in twelve days Swarming colomes were observed 
m one instance only, in which case the culture had been passed 
rapidly through a series of milk tubes and then plated on glucose 
gelatm However, the culture was not plated on 5 per cent gelatin 
and it is probable that on this medium swarmmg colomes would 
have been found 
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Culture A was unfortunately not studied in milk at the time 
(April) it was received, but in July it caused no apparent change in 
twelve days The reaction at the end of this period was about 
+15 per cent ‘ 

Culture B m miTk- shows no apparent change m two days but on 
the third day there is a soft curd and signs of digestion In five 
days the imlV is about five-eighths digested and the reaction is 
about +2 5 per cent In a milk fermentation tube the bulb is 
very slowly acted upon, bemg half digested m twelve days 
Dr Theobald Smith has repeatedly pomted out the funda- 
mental -character of the fermentative power of Proteus and of 
other organisms He says (12), 

In view of this confused state of aSaira (the various forms of Proteus) 

I would suggest that in the study of doubtful forms we should apply the 
fermentation test and class those species which fail to act on lactose, but 
which ferment dextrose and saccharose under Proteus I 

found the fermentation test such a valuable group reaction, that I can 
safely recommend it m the study of all saprophytic forms in supplying a 
broader view of the relationship of physiological species 

If one follows his method, t akin g into consideration the amount 
of acid formed m the bulb and branch, the information one gams 
is truly remarkable In different organisms of the same species 
one may get variations m the reaction of the bulb due probably to 
different rates of growth In the branch, however, the amount of 
acid produced is very typical of the species It is to be hoped that 
before long we will have a classification of bactena based on the 
growth m the fermentation tube, as this seems to be the surest and 
easiest means of differentiating a great many species 

As Dr Smith has shown, Proteus forms from 20 to 30 per cent 
of gas in dextrose bouillon and the acid produced is between 2 and 
3 per cent of a normal solution 

In lactose one sometimes gets a small bubble of gas but as tbis 
is so rate, it may be due to some other sugar m the media The 
reaction of the media is near the neutral pomt 

The production of gas m saccharose is slow, often not beginmng 
before the third or fourth day, but it amounts to 25 or 30 per cent 

1 lu this paper + represents acidity and — represents alkalinity, the 
reaction bemg determined by titrating 5 cc of the diluted and boiled inedia. 
with ”5 NaOH 



494 Proteus Vulgaris 

in ten days The amount of acid produced is smaller tbanm 
the case of dextrose, being from -}-l 5 to ~j-2 Oper cent In some 
cases the reaction in the bulbs is low but m the branch the leaction 
IS veiy constant 

It will be seen that the only constant distinctive cultural char- 
acteristics shown by these two strains aie the fermentative powers 
Yet it was found that they formed practically the same chemical 
products and that their pathogenic powers were the same Culture 
A, after being passed through a mouse, hquefied gelatin and 
resembled typical Proteus vulgai is 

An interesting point brought out was the cause of the coagula- 
tion of milk by these organisms Smith (12) says that 

The contemporaneous power to liquefy gelatin and precipitate casein 
m milk indicates that the two processes are clue to a ferment, and that the 
ch inges producecl by Proteus vxdgaris m milk are not the result of an acid 
' fermentation of the milk sugar, as is the case nith the colon group 

Roger (13), on the other hand, admitting that milk sugar is 
not fermented, notes that when the casein is precipitated the 
media is acid and thinks the acid is responsible for the curdling 

We noticed that there was a greater amount of acid pro- 
duced by the peptonizing strain of proteus m milk and it was 
thought that this might be the cause of the coagulation How- 
ever, on the addition of 0 5 per cent of calcium carbonate to the 
media the coagulation wmb more piompt and the digestion more 
rapid than in the conti ol tube, while the reaction m the calcium 
caibonate tube when coagulation took place was -f-l 5 as against 
a reaction of 4-2 S in the conti ol When 1 per cent magnesium 
carbonate was added to the milk, the acid formed was all neutral- 
ized and here also the coagulation was more prompt and firmer 
than in the plain milk Coagulation, then, must be due to an 
enzyme which acts best in a neutral or slightly acid medium 

PHODUCTS OF GROWTH 


A bouillon containing 0 4 per cent of Liebig’s beef extract, 
1 per cent of Witte’s peptone and 0 5 per cent of sodium chloride 
was used m studying the products of growth of these organisnib 
No difteicuces could be found between the two strains, bO that the 
following notes apply to both cultures 
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Le^andousky (14), using plain bouillon, reports Proleus iid- 
garis as an organism that forms phenol W e n ere ne\ er able to 
detect this substance in the distillate from acidified cultures, 
although a number of cultures were examined, including a fifteen- 
day culture m 5 per cent peptone bouiUon and a sixteen-da> cul- 
ture m bouillon contaimng 0 02 per cent of t>TOsm (15) bkatol 
has also been reported as one of the products of growth of Proteus 
culgans, but usmg the dehcate paradimethj lanudobenzaldeh} de 
(Ehrlich’s aldehyde) test, we ivere neier able to find it m anj of 
our cultures, mcludmg those mentioned under phenol 



Di> 3 Incubation 

PI iin b (uillon 

C il( iiiin carbonate bouillon 


^lercaptan ivas absent, even when cjstine had been added to 
the media Alcohols, aldehydes and ketones could not be found 
Imlol was present in moderate amounts but seldom m concen- 
tritiona sufficient to give a precipitate wnth 3-naphthaquinone- 
bodium-monoaulphonate Indol-acetic acid w as present in cultures 
four davs old, it being identified bj its color reaction with concen- 
tritcd hvdrochloric acid and a few drops of 0 01 per cent sodium 
lutntt , Its apcctrum, and its color reaction with bv drochlonc acid 
•mil fi rrn, chloride (IG) Aromatic ox\ acids w ere pre-ent in moder- 
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'ate amounts Hydrogen sulphide was present even in twenty- 
four-hour cultures 

Volatile alkaU is produced in large amounts as is shown in the 
curve on the preceding page This is probably for the most part 
ammoma, but primary amines are present as shoivn by the car- 
bylamme test Putrescine and eadaverine could not be demon- 
strated in cultures three weeks old 

In estimating the volatile alkah and acids a series of flasks con- 
taimng 60 cc of bouillon and with paraffined plugs, was inocu- 
lated and incubated at 37° C From time to time a flask was 
opened and 25 cc taken out for each determination A mark 
placed on the outside of the flask at the surface of the media 
showed that the loss by evaporation of the media was so slight 
that it could not be detected In order to hberate the alkali, 
25 cc of the culture was diluted and about 1 gram of magnesium 
carbonate added and the volatile alkah deterrmned as in the Kjel- 
dahl method The volatile acids were liberated by the addition of 
about 1 cc of phosphoric acid to another 25 cc of the culture, and 
after distilling, the distillate was titrated with -ly sodium hydrate 
The volatile acids are small m amount but their molecular weight 
IS remarkably high as will be seen in Table II 


TABLE II 


A.GB OP 
CULTUBB 

MOLECOLAB WEIGHT OP VOLATiLB ACIDS 

Proteus A 

Proteus B 

Bacillus Coll 

7 days 

84 

100 3 


14 days 

97 5 

102 

78 5 

25 days 

100 3 

1 



When the orgamsms were grown in flasks contaimng 1 per cent 
casein and 0 06 per cent sodium carbonate, the culture precipitated 
with Hedm's tanmc acid mixture (17), and the soluble nitrogen 
determined m the filtrate, it was found that Proteus A had failed 
to act on the casein, while Proteus B destroyed 64 2 per cent of the 
protein in three weeks' time The failure of Proteus A to act on 
the protem corresponds with its loss of power to digest gelatin 
When to the casein solution was added 1 per cent of dextrose or lac- 
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tose, the protem was not attacked by Proteus B This is rather 
pecubar, as m a fifteen-day milk culture of this organism there was 
18 1 per cent more soluble mtrogen than m the control milk We 
failed to get any action on a 1 per cent solution of dried egg albu- 
mm. but there was apparently httle growth and it seems probable 
that with the addition of some salts a more smtable medium could 
be made in which the protem would be acted upon 
The study of the products of the growth of Proteus shows that, 
to some extent at least, it is a putrefactive organism It destroys 
a native albumm (casein) and it produces ammoma, primary 
amines, hjdrogen sulphide, fatty acids of a high molecular weight, 
aromatic oxyacids, indol and indolacetic acids, all of which are 
associated with putrefaction Given the proper conditions in the 
digestive tract, it would probably prove harmful to the host 
through the formation of these substances (18) 

PA.THOGEMC PROPERTIES OF PROTEUS 

Injected under the skin of gumea-pigs, bouillon cultures of these 
organisms caused large ulcers which healed slowly When m- 
jected mto the peritoneal cavity, the weight of a gumea-pig fell 
from 575 to 301 grams m SLXteen days, and the animal died appar- 
ently from starvation and a diffuse peritomtis 
In mice the lethal dose of a twenty-four-hour bouillon culture 
was about 1 cc , but by passing the cultures through seven mice, 
the virulence was raised so that the lethal dose was 0 1 cc for 
Proteus A and 0 25 cc for Proteus B 
Young gumea-pigs weighmg 200 grams were fed, for a week, 
on a cake made of bread and 7 cc of a twenty-four-hour bouillon 
culture of the organisms They lost a few grams m weight but this 
was probably due to their somewhat hmited diet rather than to the 
cultures 

Nursing kittens three days old were fed bouillon cultures as 
follows, the cultures being injected mto their stomachs through a 
catheter 

Vugust 1 each kitten received 0 5 cc of a 24-hour culture 
August 3 each kitten received 1 0 cc of a 2'1-hour culture 
August 4 each kitten received 1 0 cc of a 2-1-hour culture 
Vugust 5 each kitten received 1 0 cc of a 2-4-hour culture 
Vugust 0 each kitten received 5 0 cc of a 24-hour culture 



49^ Proteus Vulgaris 

Kitten I received cultures of Proteus A, the virulence of which 
was 0 1 cc for mice I^tten II received cultures of Proteus B, 
the virulence of which was 0 25 cc for mice, and Kitten III, the 
control, received plain bouillon The kittens showed no apparent 
effects from the cultures throughout the experiment nor during the 
following month 

Two monkeys (Macaeus rhesus) on a diet of eggs and corn-meal 
were fed daily for a month, 50 cc of twenty-four-hour cultures of 
Proteus A and B, the virulence of which for rmce was 0 1 cc and 
0 25 cc respectively No ill effects were noticed in either monkey 
during or following the feeding, although the organisms fed were 
found in the feces of both monkeys 

A monkey (Macacus rhesus) on a diet of meat and eggs was fed 
50 cc daily of a twenty-four-hour bouillon culture of Proteus B 
This caused a marked diarrhceal stool of a greemsh color The 
organisms were found m the feces in great numbers for the first 
two weeks but after that about two in ten colomes were Proteus 
After a month and a half, the monkey became very weak and was 
chloroformed The walls of the csecum, ascending and trans- 
verse colon were thickened and congested Small uleers, about 
4 mm in diameter, were scattered over this area The remaining 
parts of the digestive tiact were apparently normal Cultures 
from the spleen and blood weie sterile The blood showed a 
slight agglutinative reaction toward the organism fed, there being 
a micioscopic agglutination in dilutions of 1 50 Spectroscopic 
examinations of the blood made from time to time showed it to be 
normal 

The lesults of these feeding experiments are lathei indefinite and 
correspond to those recorded m the literature Vincent (19) and 
Schumburg (20) state that cultures of Proteus isolated by them 
from the vomited material of patients suffering from meat-poison- 
ing caused diarrhoea and death when fed to mice Myerhof (21), 
on the other hand, says that his cultures of Proteus, when fed to 
mice, caused neither sickness nor immunity 

Metschnikoff (22), working with proteus, isolated from cases of 
summer diarrhoea in children, failed to get any effect when the 
cultures were fed to young macacus and cynocephalus monkeys 
When fed to nursing rabbits and young chimpanzees, a charac- 
teristic diarrhoea resulted which caused the death of the former 
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pretmtSpf by Levy (23) and Vaughan (24) 

ma vacu^'or;^^^^ preczpUate 

brownish color anri substance is of a 
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observed when the injection amounted to 8 or 10 mgs per 100 
grams of body weight When larger amounts were given, the 
animal cried out and there were spasmotic movements of the 
abdominal muscles, as though the ammal would vomit, although 
this act never took place m a gmnea-pig 
At autopsy it was found that the walls of the peritoneal cavity 
are congested and small punctiform hiemorrhagic spots are often 
present In the cavity there is a decided increase m the amount 
of straw-colored fluid, often tinged with blood The hver, spleen, 
stomach and intestines are covered by a fibrin exudate, rich in 
polymorphonuclear leucocytes The liver is swollen and some- 
what darkened The spleen is swollen, darkened and often shows 
on the surface haemorrhagic spots, the size of a pin-head The 
adrenals show a surface congestion, while the kidneys are appar- 
ently normal The vessels of the digestive tract are often enlarged 
and the stomach and caecum contain varying amounts of gas 
depending upon the length of time the animal has lived after the 
inoculation In the pleural cavity the lungs appear to be normal, 
while the vessels of the heart are engorged with blood and under 
the visceral pericardium small haemorrhagic spots are often to be 
seen 

Microscopical examination of the tissues shows a slight granular 
degeneration of the liver, accompanied, at times, by a perilobular 
lymphocyte infiltration In some animals there was n marked 
degeneration of the liver which was probably dropsical, as the cells 
showed large vacuoles The kidney shows a slight granular degen- 
eration The spleen shows marked congestion with a distension 
of the sinuses, while the lungs and adrenals are apparently normal 
In the heart the capillaries are greatly distended with blood and 
at times it seems as though they had burst, causing hinmorrhage 
between the muscle fibers 

What would be a fatal dose if injected into the peritoneal cavity, 
when given under the skin does not produce these results There 
IS a slight rise m temperature and the loss of ten grams or so in 
weight, this loss, however, being soon regained An induration 
IS felt in the subcutis and in about three days the hair comes out 
and an ulcer is formed The ulcer is at first small but after several 
days the opemng is about 15 cm m diameter and extends down to 
the muscular layers, with a sharply circumscribed edge There 
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IS a slight discharge, and a thick, yellowish pus can be seen in the 
depths of the ulcer The healing process is very slow, extending 
over a period of about three weeks The same type of lesion is 
produced by 1 cc of a twenty-four-hour culture of Proteus and 
bj the bodies of the bacteria kiUed by heat 
In white mice the lethal dose lies between 2 5 and 5 mgs, 
the mouse dying in from five to twelve hours The macroscopical 
changes noted are a motthng of the hver, a congestion of the 
spleen, adrenals and at times, of the kidneys The contents of 
the intestine are flmd, and gas is often present The heart is 
very much engorged and its vessels are dilated 
In cats the picture is as follows 

August 19i0 10 13 a m Cat weighing 1740 grams anesthetized with 

chloroform and 30 mg to^inNo 15 in 10 cc sterile salt solution injected mto 
a superficial vein of the leg 

10 50 a m Cat crymg out and vomits a considerable amoxmt of partly 
digested food 

12 30 pm Cat seems bnghter but from time to time makes violent 
attempts to vomit and is unsteady on its feet 
5pm Cat rouses up when disturbed but if left alone it sits m a comer 
with its ejes closed and seems to feel very badly 
■iugusl 5 Sam Cat found dead, stiff Autopsy at once 
Peritoneal Cavity Liverapparentlyswollenandmottled Gall-bladder 
partly filled with bile Spleen swollen and bluish in color 
Kidneys The vessels on the surface of the organ and those gomg to it 
arc distended with blood On section there seems to be a congestion of the 
medullary rays 

Vdrenals Small and apparently normal 

Stomach Very much distended with gas Large scattermg hinmor- 
rhagic areas lay in the mucous membrane near the pylorus 
Intestines Moderately distended with gas No haemorrhagic areas 
found 

Pleural Cavity Lungs apparently normal Heart congested and shows 
small haimorrhagic areas under the visceral pericardium 
No bacteria could bo found in smears from the blood or spleen 


Cal No 3 

\ugust 32, 1910 Cat weighing 3525 grams anesthetized and 15 mg 
tovin No 17 digested twentj-four hours with trypsin injected into the 
femoral vein 

10 _0 a m Cat feeling badlj Strings of saliva hanging from mouth 
No vomiting 



502 Proteus Vulgaris 

12 Noon Cat has had nothing to eat since yesterday morning Vomits 
a greenish substance containing bubbles of gas Looks very sick During 
the afternoon the cat vomited twice and seemed very sick 

August 23 Sam Large amount of bloody diarrhccal feces m cage 
Cat slept all morning and refused to eat 

August 24 No feces Cat still sleeping most of the time and refuses to 
eat 

August 25 Cat feeling better but eats very little Weight 31S0 grams 
From this time on the cat returned to normal 

When sublethal doses are injected into the peritoneal cavity 
of a guinea-pig it often is found at the end of twenty-four hours 
that part of the rectum is protruding from the anus This might 
indicate that the substance causes an increased peristalsis and it 
was found that m one of these animals which was autopsied 
immediately after chloroforming that the peristaltic inovements 
were very marked 

The properties of this to\m were studied to a certain extent, 
although we have not been able to get it in a pure form 

Effect of heating Heating to 100° C for thirty minutes does 
not destroy the toxin, as the following protocols show 

Guinea-pig 58 Weight, 253 grams Intrapentonoal inoculation of 30 
mg to\m No 11 heated 30 minutes m solution, in a sealed tube m boiling 
water Guinea-pig found dead in fifteen hours Autopsj’- shoved typicil 
picture of to\m action 

Guinea-pig 63 Weight, 297 grams Intraperitoneal inoculation of 30 
mg to\m No 11 heated 30 minutes at 70° C m a sealed tube Found de id 
in fifteen hours Autopsy showed typical picture of tovin action 

Guinea-pig 62 Control Weight, 29S grams Intraperitoneal inocul i- 
tion of 30 mg toxin No 11 Dead in four and a-half hours 

Guinea-pig 66 Weight, 300 grams lutrapentone il inocuI ition of 2S 
mg toxin No 16 digested twenty-four houis with trypsin and hcvtcd 30 
mintues in boiling water in a sealed tube Found dead in twenty hours 
and autopsy showed typical picture of toxin action 

Guinea-pig 75 Control Weight, 317 grams Intrapentonc d inocu- 
lation of 28 mg toxin No 16 digested twentj-four hours vith tijpMii 
Found dead m twenty hours and autopsy shoved t 3 pic il picture of toxin 

action 
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DIGESTION OF PKOTEUS TOXIN 1171X11 TRYPSIN 

Digestion in a 0 25 per cent trypsin solution containing 0 15 
per cent sodium carbonate does not destroy the toxic action as is 
shown m Table III After digestion the solution was heated to 
the hoiling point to destroy the enzyme 


TABLE in 



i 

1 WEIGHT 

TOXTS VO 

A5100ST 
INJECTED 1 

INTO I 

PEaiTOSEAL 1 
cavitt 

HODRS OP 
DIGESTION 

DESULT 


granu 

1 

13 

miUigTams 

2 5 

Mo trypsin 
(Control) 

Found dead m 
23 hra 


1 

1 

13 

13 

2 5 

2 5 

i 

3 75 

9 

Found dead in 
20 hrs 

Found dead in 
14 hrs 

Mou=e 

1 

1 

13 

i 

2 5 

24 

Trypsin 

MajCOs 

Found dead m 
23 hrs 

Lived 


1 

1 

15 

5 

24 

Dead in 48 
hrs 

1 

Guinea- 

Pig No 

1 

) 

16 

i 

5 

24 

Found dead in 
15 hrs 

09 

I 360 

i 

1 15 

1 24 

i 24 

0 

(Control) 

Dead m 42 hrs 

71 

I 312 

15 


24 

Dead in 6 hrs 



16 

1 2S 

1 

0 

(Control) 

Dead in 20 hrs 

7o 

1 317 

16 

' 23 

1 

24 

Dead m 20 hrs 
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DIGESTION WITH PEPSIN 

The toxin was made up with a 0 5 per cent pepsin solution m HCl and 
incubated for twenty-four hours before it was injected Digestion was not 
complete, there being a residue left in the tube In table IV the results of 
this experiment show that pepsin has as little effect as trypsin 


TABLE IV 


ANIMAL 

TOXIN NO 

AMOUNT INJECTED 
INTO PBHITONEAL 
CAVITY 

HOUE3 OF 
DIQBSTION 

BESULT 



milligrams 




15 

5 

Toxin + 2 *^ 

Found dead in 

Mouse 



HCl (Con- 
trol) 

21 hrs 


15 

5 

24 

Dead in 3 days 


15 

5 

24 

Dead in2daj3 

Guinea Pig No 

73 1 

Weight310g / 

15 

20 

Toxin -f 3 ^ 
HCl (Control) 

Dead m 21 hrs 

70 \ 

Weight 305 g J 

15 

20 

24 

Dead in 21 hrs 


We evidently are dealing with a very stable substance as neither tryptic 
nor peptic digestion, ^ HCI nor 0 15 per cent NajCOj, actmg for short 
periods of tune, affect its toxic action Dissolved in 1 per cent NajCOj 
the toxic properties were diminished but not lost 
An attempt was made to separate the toxin from the protein by adding 
enough HCl to make a solution, filtering off the precipitated protein and 
suspending it in salt solution Injection of the precipitate and filtrate 
showed that the toxic substance had been carried down with the preci- 
pitate as is shown in Table V 


TABLE V 


ANIMAL 

TOXIN NO 

AMOUNT OF 
TOXIN REPRESENT- 
ED IN INJECTION 
INTO PERITONEAL 
CAVITY 

POBTION INJECTED 

besolt 




tntlhgrams 





15 

5 

Control 

De k 1 in 20 hrs 



15 

5 

Piccipit ite 

Dead in 21 hrs 

Mouse 


15 

5 

Precipit ite 

Dead in J duiS 



15 

5 

Filtrate 

Ain e 


_ 

15 

5 

Filtrate j 

tine 
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EFFECT OP DL\I.'iSrS 

In order, if possible, to separate the toxin from the protein, the 
solution was dialyzed m running water m a tube, the end of which 
was covered by parchment paper The tube was shaken from time 
to time and before injection the fluid inside was brought back to 
its ongmal level 


T^BLE VI 


A^nuxh ] 

1 

1 TOXIN NO 

AMOtTNT tSSrcIZn | 
izrro PEsrroN'EAi. , 
CAVITT 1 

Lot7B3 OF JJZJLLT81S 

SESULT 


13 

miUtgramt 

i 2 5 

\ 

1 12 

! Dead in 5 5 

Mouse 

13 

1 2 5 

1 

72 

hrs 

Dead m 20 hrs 


16 

5 0 

1 48 

1 

Dead m 15 hrs 

Gumea-pig | 

No 54 > 

1 16 

28 

1 

1 60 

Dead in 21 hrs 

Weight 407 g j 

1 


1 

1 

1 



Since the substance is non-dialyzable we must conclude that it 
13 of a comphcated chemical structure or that it is firmly bound to 
or is a part of the protem 

In order to separate, if possible, the toxm from the protem, we 
next tried the effect of dialysis after digestion with trypsin and 
pepsin, but the results were not as definite as in the preceding 
experiments In the majority of cases after dialjsis for two or 
three days the toxin was present inside the parchment paper m 
undimmished strength In one case after digestion for twenty- 
four hours with trypsm and dialyzmg seventy-two hours, 20 mgs 
killed a gmnea-pig, weighing 290 grains, m sixteen hours and 
autopsy showed a typical picture of toxm action 

EFFECT OF OXEDXTION ON THE TOXIN 

The effect of oxidation on the toxic substance was tned byadd- 
ing Parke, Davis and Company’s hydrogen dioxide solution as 
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Tube. A Control 2 cc of a 0 5 per cent solution of to\ia 17 (digested 
twenty-four hours with trypsin) -f 0 5 cc salt solution 
Tube B 2 cc toxin as m A 0 5 cc H5O2 solution 
Tube C 2 cc toxin as in A -j- 0 5 cc HjOj solution small crystal of 
FeSO< 

The tubes were incubated at 37° C for two hours and at the 
end of this time the oxidation in tube C was very marked Mice 
were inoculated, each mouse receiving what corresponded to 5 nig 
of the dried toxin into its peritoneal cavity 


TABLE vn 


INiECXlON j 

MOOSS 1 

MOC9X 2 

Tube A Toxin salt 



solution (Control) 

Found dead in 21 5 hrs 

Found dead m 21 5 hrs 

Tube B Toxin -f- H2O, 
Tube C Toxin -f H2O2 

Found dead in 45 hrs 

Found dead in 45 hrs 

+ FeSOi 

; Found dead m 50 6 hrs 

Lived 


This experiment shows that the toxin is partially destroyed by 
powerful oxidation 

IMMUNITY TOWARDS THE TOXIN 

Several attempts were made to establish an immunity m guinea- 
pigs toward the toxin by means of subcutaneous and sublethal 
mtrapentoneal inoculations but these all failed In some instances, 
where repeated, subcutaneous inoculations were made, the animal 
apparently became more sensitive towards the substance as the 
lesion appeared quicker and was more severe than m the first 
inoculation 

In rabbits the effect of sublethal intravenous inoculations was 
very interesting, as the following protocols show 

Rabbit No 6 

August 5 Weight, 2160 grams Intravenous injection of 10 mg toxin 
No 13 No apparent effect 

Augusts Weight, 1860 grama Teraperatuve, 3S 5“ Intravenous injec- 
tion of 10 mg toxin No 15 
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iugusl 9 Temperature, 39 2° Rabbit not eating 
August 10 Temperature, 3S 4:°, weight, 1765 grams 
•lugttst 11 Temperature, 39 8° Intravenous injection of 10 mg to\m 
Xo 15 

August IS Weight, 1710 grams 

iugusl 17 Weight, 1717 grams Intravenous mjection of 20 mg toicm 
\o 16 digeated tuentj hours with trypsin 
Immediately after the inoculation the rabbit laj on its side and kicked 
rather 1 lolently This kicking was notof a spasmodic character, however 
Soon it became quiet and the breathmg became gradually slower until 
It stopped altogether The heart was beatmg a short timeafterthe breath- 
mg stopped but the animal was dead m five minutes from the tune it was 
inoculated 

lutopsy at once Pupils shghtly dilated 

Peritoneal Cavitj Liier swollen and shghtly congested, surface very 
rough Spleen slightly enlarged and bluish in color Kidneys apparently 
normal kdrenals apparently normal The walls of the stomach appeared 
to be shghtly thickened but this was not marked Intestmes normal 
Pleural Cavity Heart empty and walls flabby Left ventncle appar- 
ently normal Lungs collapsed and verv pale No thrombi could be 
found in the pulmonary vessels 


Rabbit No 4 

August 6 Weight, 1780 grams 

August 7 Intravenous injection of 10 mg tovin No 15 Immediately 
after the inoculation the rabbit appeared to be dizzy , falling on its side when 
It attempted to mov e This effect passed off m a short tune 
August S Rabbit appears to be quite sick and breathes with difficulty 
Temperature, 38 3°, weight 1607 grams 

lugustS Temperature, 39 0° Intravenous injection of 5 mg toxin No 
15 \fter the inoculation the rabbit lay for about two hours on its side as 
though exhausted 

iugusl 10 Temperature, 39 6°, weight 1525 grams 
August 11 Temperature, -10 4° Intrav enous mjection of 5 mg toxm 
No 15 

iugusl 13 Weight, 1515 grams 
Iugusl 17 Weight, 1575 grams 
iugusl 20 Weight, 1607 grama 

iugusl 22 Weight, 1560 grams Rabbit had not been fed Intravenous 
injection of 10 mg toxin No 17, digested 24 hours with trypsm Immedi- 
atcK after the inoculation the rabbit fell from side to side and then lay 
and kicked rather violently the kick becoming more feeble until it waa 
quiet The breathing was at first rapid and then gradually slowed until it 
had stopped altogether for quite an interv al Then the rabbit gav e sev eral 
di ep gasps and died During this time and tor a short time after the last 
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breath was taken the heart beat at first rapidly and then slower and slower 
until it stopped The rabbit died five minutes after being inoculated 
Autopsy at once Pupils normal 

Peritoneal Cavity Liver pale and roughened Spleen bluish in color 
and slightly swollen Kidneys slightly, if any, congested Adrenals 
normal Digestive tract apparently normal 
Pleural Cavity Lungs collapsed and apparently normal No thrombi 
could be found Heart showed white areas in the muscle wall of the right 
ventricle 


The fact that rabbits apparently became hypersensitive might 
indicate that an immumzing process is taking place, but we were 
never able to establish an immunity of such a degree that it would 
protect the ammal against a fatal dose of the toxin 

In the guinea-pig the picture, in an ammal dead from anintra- 
peritoneal moculation, is strikingly like that of the tuberculin 
reaction, and it may be that the two act in a similar manner 
On the other hand the effect produced in cats is very similar 
to that produced by Schmiedeberg's sepsm (25), as was pointed 
out by Levy (26) Faust (27) has repeated the work of the former 
and succeeded in isolatmg a crystalline substance to which he 
gives the formula, 

GH 2 NH 2 CHOH CHOH CH 2 CH 2 NH 2 

His yield was very small being only 0 03 gram of the sepsm sul- 
phate, for 5 kilos of putrefymg yeast Twenty milligrams of this 
substance caused in dogs, vomiting, bloody diarrhoea, and finally 
death Our relatively impure substance, in a muchsmaller amount, 

caused similar effects in cats, and the autopsy showed the intense 
congestion of the digestive tract similar to that produced by sep- 
sin Faust succeeded in converting his sepsm into cadavenn by 
repeated boiling but we were unable to do this with the proteus 
toxin showing that the two substances are probably not the same 
Vaughan and his pupils (28) have made an extensive study 
of the so-called endotoxins of a number of organisms and in look- 
ing over their work one is struck with the similarity of the action 
of all these substances 

Through the kindness of Dr Theobald Smith we were able to 
compare the colon toxin with that of proteus A freshly isolated 
culture of B coll was groivn on large agar slants and the seven 
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day growth precipitated with alcohol, the same as were our Pro- 
teus cultures This substance, when dried, proved to be very 
tone, 4 0 mg per 100 gram of body weight kdimg a gmnea-pig m 
less than twenty hours It resisted heatmg to 100° for thirty 
minutes, trj^ptic and peptic digestion, the same as the proteus 
to\m The picture m gumea-pigs differed in that there was less 
evudate mto the pentoneal cavity and the venous congestion was 
not as marked with the colon as with the proteus toxm Injected 
into the subcutis the necrosis was very shght When injected 
intravenouslj into cats, the only effects we were able to observe 
were drowsiness, loss of appetite, and marked loss m weight 
There was no vomitmg nor diarrhoea In rabbits an mtravenous 
mjection of 15 mg of this colon toxm caused a drowsiness and a 
temporary loss m weight 

These precipitated cultures are probably made up of a great 
variety of substances, but it is conceivable that the cause of their 
toMc effects is a defimte chemical group whose action is modified 
by a shght change m grouping or by the other substances present 
It should be noted that while this dried precipitate is m itself 
very toxic it comes from a relatively large amount of culture One 
milligram from a bomllon culture represents 1 cc of the culture and 
therefore a fatal dose for a 300 gramguinea-pig, 27 mg represents27 
cc of the bomllon culture Myerhof (29) too noted the relative 
toxicity of hving cultures of proteus to the dead bactena, flndmg 
the living culture four times as toxic as the bodies of the bactena 
and twenty times as toxic as the filtered cultures 

CONCLTJSIO^S 

1 Culturally, Proteus nulgans vanes greatly, its most constant 
property being the fermentation of dextrose and saccharose and its 
failure to ferment lactose 

2 In the absence of carbohjdrates, proteus destrojs some 
native albumins, and produces ammonia, primary amines, bjdro- 
gen sulphide, fatty acids of a high molecular weight, aromatic 
o\j acids, indol and indol-acetic acid It does not produce phenol, 
skatol, mercaptan, alcohols, aldehvdes, nor ketones 

3 Proteus vulgaris possesses both the properties of fermentative 
and putrefactive orgamsms 
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4 Feeding experiments vary greatly and probably depend 
upon the virulence of the organisms fed and upon the diet 

The bodies of the bacteiia piecipitated by alcohol, contain 
a toMc substance which has the follo\ving properties 

a It IS thermo-stable 
b It resists tryptic and peptic digestion 

c It is non-dialyzable and is either firmly bound to or is a part of the 
protein of the cells 

d It IS partially destroyed by powerful oxidation 
e Injected into the peritoneal cavity of guinea-pigs it causes rapid 
death, but when the same amount is injected into the subcutis an exten- 
sive necrosis is the result 

f Intravenous injection in cats causes severe vomiting, bloody diar- 
rhcca and death In this respect it resembles sepsin but m other nays 
it differs so that we cannot conclude that they are the same 
g Rabbits may become hypersensitive to repeated inocul itions 
Ji We were not able to establish an immunity in guinea-pigs or rabbits 

We Wish to express our indebtedness to Dis Theobald Smith, 
H D Dakin and Alfred J Wakeman for their advice and aid 
that they so freely gave throughout this woik 
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